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Section |
Paragraphs 1—1 to 1-11

SECTION |
INTRODUCTION

1-1. GENERAL.
1--2. This publication comprises the Service Instructions
for the Model R-985-AN-1 and Associated Models

-AN-3, -39, and -39A engines, designed by Pratt &
Whitney Aircraft Corp, East Hartford, Connecticut.

1-3. Any instructions in this publication which are in
conflict with effective BuAer Bulletins, Changes, Tech-
nical Notes, Technical Manuals, or other BuAer or
Army directives shall be superseded by the in-
structions contained in the later publications.

1—4. DIRECTIONAL REFERENCES.

1-5. Right and left, clockwise and counterclockwise,
upper and lower, and similar directional references ap-
Ply to the engine as viewed from the rear with the crank-
shaft in the horizontal position and with No. 1 cylinder
at the top of the engine. The normal direction of rota.
tion of the crankshaft is clockwise. In the case of acces-

sory drives, the direction of rotation is specified as it
appears to an observer facing the accessory ‘mounting

pad.

1-6. SPECIFICATIONS.

1-7. Where specification numbers are given for mate-
rials, the basic specification numbers shall be interpreted
to include the latest revisions, supplements, and amend-
ments thereto.

1-8. CYLINDER NUMBERING.

'1-9. Beginning with the top cylinder, the cylinders are

numbered consecutively in the direction of crankshaft
rotation. Cylinder numbering, firing order, and the posi-
tion of the masterod is illustrated in [Figure 1—~17).

1=10. FIRING ORDER.

1—11. The firing order for the R-985 aircraft engine
is as follows: 1-3-5-7-9-2-4-6-8 as viewed from the rear
of the engine [Figure 1-2).

FIRING ORDER
1-3-5.7-9-2-4.6.8
M == MASTER CYLINDER

Figure 1-1. Cylinder Numbering and Firing Order
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Section I
Paragraphs 2—1 to 2--5

SECTION 1I
GENERAL DESCRIPTION

Figure 2--1. Front Case

2-1. GENERA\L.

2—2, The model R-985-AN-1 engines and_ associated
models are direct drive, nine cylinder, single row, radial,
aircooled engines with built-in superchargers, The Table
of Specifications, Section III, indicases slight variations
existing among the different medel engines.. The model
R-985-AN-1 engine is used for the purpose of general
description.

- 2—3. The: engine-is divided into. five sections;-the Froht
~ Section, Crankcase Section, Cylinders, Supercharger Sec-”

sion, and the Rear Section. The crankcase is made of
forged aluminum alloy, whereas the front, supercharger,
and rear cases are made of either magnesium alloy or
aluminum alloy. The following table lists the engine
models having magnesium alloy cases and those having
one or more alyminum alloy cases.

+.....propéller from the .crankshaft. to. the  exigine:

Figure 2—2. Thrust Bearing

Modéls Having One or
More Aluminum Cases

Models Having Magnesium
Front, Supercharger, and

Rear Cases
R-985-AN-1 R-985-AN-3
R-985~-AN-39 R-985-AN-39A

2—4. FRONT SECTION. ‘
2-5. The front section is an aluminum or magnesium .

~ forging [Figure 2—1]. It supports. a deep groove ball.

~ bearing [Figure 2—2] which transmits the thirust of the :

This thrust is transmitted by way of the crankcase. The
cranhshaft is located in the thrust bearing by means of the
thrust beanng spacer. A rocker oil manifold ring in the .
front section is part of the rocker lubncatmfg system.

The R-985 engine incorporates tubing in the front case
for operation of a hydro-controllable propeller and
either a control valve (for the two posmon propcller) or

Internahonal AeroTech Academy For Training Purpose Only ) T 3




Section 1l
Paragraphs 2-5 to 2-11

Figure 2—3. Propeller Control Tubing

a plug with an oil transfer tube [Figure 2—-3] for the con
stant speed or hydromatic propeller.

2—6. CRANKCASE SECTION.

2—7. The crankcase is divided into two sections [Fig-

vres 2—4 through 2—6]. These sections are held together.

by nine crankcase bols located between the cylinder pads.
Two main bearings, located in the crankcase front
section and rear section respectively, support the crank-
shaft. The two sections of the crankcase aré miachined
together. A rubber seal is"used between each cylinder
flange and the crankcase. The cam is supported on the
cam drive gear. The tappets and tappet guides are
mounted in bosses which are an integral part of the front
section.

2-8. CYLINDERS. - -

2—9. The cylinders are of steel and aluminum construc-
tion [Figure 2—7). The cylinder barrels are rnachined
from steel forgings and have cooling fins which are an
integral part of the barrel. The cylinder head is made
of aluminum and has closely spaced cooling fins cast as
an integral part of the cylinder head. Each cylinder has

casting. The proper cooling of the exhaust valve seat
and stem is of great importance in an air-cooled engine.
Fins are concentrated on the top and on the exhaust
side of the hemispherical head and around the exhaust
port. These are the areas where it is essentizl to have
the greatest amount of heat dissipation. :

4 ) " International AeroTéch Academy For Training Pur

_part of ¢ ' 2-10. CYLINDER BAFFI.ES.
“-one ‘inler'valve -and-one exhaist valve., Theé-inlet:-valve- - - v

‘is' seated on a:bronze-i insert;- the ‘exhaust- valve is smtedlh_.
on 2a stee! insert. Both inserts are shrunk into the head

T™ 1-2R-R985-2

Figure " 2—4 Crankcan

2-11. Prcssure tyfse deﬂecrors are standard ‘equxpment.
Pressure’ baffling forces ' high ‘Velocity flow of * choling

air through and over the fins on the cylinders, the pro-
‘peller builds up a posmve pressure in front of the engine
cylinders and:a negative pressure in the rear of the cyl-
inders. Pressure baffles have the advantage of more
efficient coolmg with less volume of coolmg air flowing,
thus improving the performance of the engine.
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Figure 2—7. Cutaway of Cylinder

2-12. VALVE MECHANISM.

2-13. All valve operating parts are enclosed. The rock-
ers are supported by a double row ball or roller bearings,
located in the rocker. Eighteen tappets located in”the
front section actuate the rockers through tubular
pushrods which have hardened stéel ballends. These

.

rods are enclosad in removable, oil tight, cover tubes ~

held in place by a nut, seal and packing at the top and
bottom. The rockerbox covers are secured by studs and

lock nuts. A valve clearance adjusting screw is in the end -
of the rocker over the valve stem. A half -ball is used

between the adjusting screw and the valve stem to mini-
mize the fnctxon at tl'us }oxnt :

2214, Two concentric valve springs are used G eac‘h
valve. They are secured to the valve stem by a split cone
and washer. To prevent the possibility of the valves
being dropped into the cylinders while the split cones
are being installed or removed, a snapring is installed
on each valve. The inlet valves are solid whereas the

exhaust valves are hollow and are sodium filled fp:

s
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" cooling. The sodium turns to liquid form during engine

Section
Paragraphs 2—-12 to 2-]

Figure 2—8. Rear View of Cam

operation due to the heat of the exhaust, and dissipates
some of the heat assimilated by the exhaust valve in
operation. A stellite face prolongs the life of the seating

surface of the exhaust valve,

2—15. ‘The entire valve mechanism is pressure lubricated.
Qil enters the tappets through the guides, thence through
the pushrods and rockers. The rockerboxes of the lower
cylinders, are interconnected and drain into a separate.
compartment of the sump. An additionat scavenge stage
in the oil pump completes the circulating system. This
fully automatic lubrication makes possible- greatly ex-
tended operaung periods.

. 2-16:-HMING -GEAR.. = . = ... ...
2-17. By means of a train of spur gears and internal

" teeth in the cam ring forging, the cam [Figure 2—8] is

driven at one-eighth crankshaft speed. It rotates in the
opposite direction from the crankshaft. The cam actu-
ates all valves through two four-lobed tracks. It rotates
on the cam drive gear. The cam reduction gear is driven

P
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Paragraphs 2—17 to 2-21]

ret v ey s

by the cam drive gear [Figure 2—9 ] and is mounted wit
a bearing on each side. This assures perfect alignment.

2-18. CRANKSHAFT.

2—19. The crankshaft [Figure 2—10] is of a singl
throw, two-piece, split pin type supported on thre
bearings. There is a roller bearing on each side of th
throw. These roller bearings are supported in the crank
case. There is a ball bearing in the front section whic
takes the propeller thrust as well as the radial load.

2—20. Two oil jets, one located in the front sectio:
rear plug, and the other on the top of the rear cheel
furnish lubrication to the pistons, pistonpins, and cylin
ders, in addition to the oil thrown off the masterod an
linkpin bushings.

2-21. The weights of reciprocating and rotating part
connected to the crankshaft are counterbalanced b
weights which are riveted to the cheeks of the crank
shaft [Figure 2~11]. The crankshaft is balanced stati
cally and dynamically against a master balance weight
: Two flyweights in the rear counterweight suppress tor
: Figure 2—9. Cam Drive Gear sional vibrations developed by power impulses.




'

Figure 2—11. Counterweight

2-22. LINKRODS.

2-23. The masterod [Figure 2—12] is of one—piéc_e con-

struction and incorporates a shrunk-in steel backed
leaded silver bearing. Eight “I” section linkrods are
attached to the masterod by means of linkpins, fitted
tightly in the masterod. Each linkrod is bronze bushéd
for the pistonpins and linkpins. Oil carried under pres-
sure to the crankpin, lubricates the masterod—beanngs
and also the linkpins through drilled passages. The pis-
tonpin bushings are lubricated by the oil thrown off by
the masterod linkpin bushings, and oil jess.

2-24. PISTONS.

and is of the full skirt type. The top three grooves on
each piston carry compression rings. The top compres-
sion ring is chromium plated on the face which bears
against the cylinder wall. The fourth groove carries dual
oil control rings and the fifth or bottom groove carries a
scraper ring. The pistonpin floats in tbe plstonpm
bosses and- the linkrod bushing. :

b R i it s e g o 2 S

ST E N
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2-25. Each p:ston [Figure 2-13] is machined from an A
walummum-alloy forging...Each " has five .ring. grooves:”

Saction i
Paragraphs 2-22 to 2-27

- Figure 2-13. Piston and: ngs Assembly

'2-25. OIL SUMP.

2—27. The oil sump is located bétween cylinders No.
5 and No. 6. Ope end of the sump is connected to the
front section; the other end is connected to the super-
charger sectioo, Oil is scavenged by first stage of thev
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Figure 2—14, Supercharger &nd Rear Cases
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1. Supercharger Case ) .
. Starter Gear , Figure 2-17. Impeller Gear Train
. Floatmg Gear Retaining Nuz ) :
. Left Magneto Drive Gear
. Supercharger Front Bearing Cover
. Oil Sump Rear Mount
. Pressure Oil Tube
8. Impeller Intermediate Drive Gear -
9. Floating Gear
10. Right Magneto Drive Gear
11. Intake Pipe Boss

-

~ 8\ W bW

Figure 2—15. Front View of Supercharger Case

Figure 2—18. Intake Pipe and Related Parts

2--28. SUPERCHARGER SEC'I'ION.

2=29.- The supercharger section [F;gures 2-14 and
B 2—15], ‘or 'what' mlght ‘be-called the- mountmg ‘section,
supports the engine in the aircraft. It is-attached to the
[crankcase rear section.. The impeller [Figure 2--16]),
and its gearing [Figure 2—17] are carried in this case. Aa
annulus in this section receives the mixture from the
Ampeller through a diffuser chamber. The mixture is
~idelivered to the cylinders through tangenual intake plpls
=0 Flgure 2-18]).

n
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Paragraphs 2—-30 to 241

Figure 2—20. Rear Case

2—30. The impeller is of the high-speed centrifugal type

having a 10:1 supercharger ratio. The impeller is driven

from the crankshaft by means of a spring coupling loca-
ted inside the rear crankshaft gear. This gear drives a
floating gear in the supercharger section. The impeller is
driven at a high rate of speed by a pair of spur gears. The
spring coupling relieves the supercharger gears of sudden
strains resulting from rapid acceleration or deceleration.

2-31. REAR SECTION.

2-32. The rear section is attached to the supercharger
section [Figures 2—19 through 2—20]. This section car-
ries the accessories and accessory drives. These include
two Scintilla or Bosch magnetos, a Stromberg carbure-
tor, an oil pump, an oil strainer, one or two tachometer
drives, and two vertical accessory drives.

2—33. The rear section has air straightener plates in the
elbow above the carburetor. These plates direct the mix-
.ture evenly to the impeller and to the diffuser vanes
located on the forward face of the rear section. These

diffuser vanes lead the mixture into the anulus in the -
supercharger section, from which it is drawn through -

-".-the intake.pipes into the cylinders, -

2—-34. A check vilve is provxded in the onl-pressure '

strainer to prevent oil flow into the engine when the
. engine is inoperative,

2-35. ACCESSORY DRIVES. ’
2—36. These ‘accessories are grouped at the rear of ‘the

International AeréTth Academy For Training Purpt

engine [Figure 2—19] and are driven ‘by three shafts
which extend entirely through the supercharger and rear
sections. Each of the three shafts carries a spur gear at
its forward end which engages a gear attached to the -
rear of the crankshaft. The upper shaft provides a drive
for the starter. Each of the two lower shafts drives a
magneto by means of an adjustable flexible coupling. In
addition to these shafts, four¥ertical drives are provided
for by a bevel gearon each shaft. The upper drives are
for two auxiliary pumps and two tachometers. The lower
vertical shafts drive an oil pump on the right side, and
a fuel pump on the left side, . :

2-37. INDUC‘IION SYSTEM.

2—38.~The induction system feedxng ir to the carburetor
varies with different airplane installations, The gasoline
air mixture is taken from the carburetor and passed

dlrectly into the rear section. A mixture thermometer

opening is provided in the ‘carburetor ell cover 10 that
the temperature of the mixture may be determmed

2-39. CARBURETION.

“ 2440.“GENERAL DESCRIPTION.

2—41. The NA‘R9B carburetor [Figure 2-21} which -
is standard on the Wasp Jx., is a single barrel, up-draft
carburetor. This relatively simple, venturi type carburetor
has a single fioat, and is equipped with aneconomizer,
manuallygngprated needle valve. typc mixture control.
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2~42. MAIN METERING SYSTEM.

2—42A. The main metering system consists of a venturi,
main jet, main air bleed, and a discharge nozzle. It is
fortunate that the pressure differential in a venturi varies
as the square of the velocity thru it while the fluid flow
thru a fixed orifice varies as the square root of the pres-
sure drop across it. Thus, theoretically, the fuel flow
thru a simple carburetor will vary directly as the velocity
of the air thru the venturi, and if the density of the air
is maintained constant in the venturi, the fuel flow will
theoretically vary directly as the mass air flow. Actually,
this theoretical condition does not strictly hold true, but
the fuel flow increases at more rapid rate than the
increase in mass air flow. To correct this condition and
assist in the vaporization of the fuel as it leaves the
carburetor, Stromberg uses the principal of bleeding air
into the fuel as it enters the discharge noale. This air
bleed is known as the main air bleed and is a jet, bleed-
ing air into the main discharge nozzle passage. Such a
jet provides a constant F/A ratio throughout the useful
range of airflows required by the engine. The fuel-air
ratio.can be modified as desired by the proper selection
of the dimensions of the air bleed, main jet, and dis-
charge nozzles.

2—42B. IDLE SYSTEM.,

2—42C, It is necessary to have an idling system to take
care of the engine at lower speeds. During idling, the

. air velocity through the main venturi is very low and

there is not sufficient ventusi suction to draw fuel from
the discharge nozzle. At the same time, however, there
is a very high suction on the intake manifold side of the

throttle and, therefore, the fuel feed is arranged to.

deliver into shis region of hxgh suction. To utilize this
suction, a complete discharge jet system in miniarure is
used with the fuel metering jet, air bleed, and discharge
jet, opening iato_the small air passage around the throt-

“tle, formed by the slot in the idling discharge jet. Idling

adjustment is accomplished by adjusting the idle dis-
charge nozzle in connection with the throttle valve
opening.

2—42D. ECONOMIZER.  ~

2—42E. It is desirable to have a lean mixture for maxi-
mum economy at part throttle or cruising speeds, and a
much richer mixture for climb and take-off, for the cool-
ing effect at high power. In order to obtain this change
in mixture ratio, as the throttle is opened, various forms
of economizer systems.are used. These, in their present
form, are in teality enrichening devices. The NA-R9B,
carburetor economizer consists of a needle valve, which

s opened by the throttle at a predetermined throttle
-+ ~position;:and permits-a-quantity of -fuel to flow theough. --

the economizer jet in addition to that furnished by the
main metering jet, to mix with the air in the carburetor.

2—42F. MIXTURE CONTROL.

2—42G. As the airplane ascends to altitude, the atmos-
phere decreases in pressure and temperature resulting

Intérnational Aerofech Academy For Training
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in a decrease in density, the weight of the air charge
taken into the engine decreases with the decrease in air
density, cutting down the power in about th¢ same per-
centage. In addition, the mixture proportion delivered
by the carburetor is affecied, the mixture becoming
richer at a rate inversely proportional to the square root
of change in air density. In order to compensate for this
change in mixture, a mixture control is provided on all
Stromberg Aircraft Carburetors. The NA-R9B carbu-
retor uses the needle valve type of mixture control. The
needle restricts the flow of fuel to the jets. A small
nozzle in the venturi which has a restricted passage lead-
ing to the float chamber produces the suction in the float
chamber. When the mixture control is in full rich posi-
tion, the float chamber is vented to the air scoop. As
the mixture control is gradually leaned off, the valve
closes off the float vent which in turn lowers the float
chamber pressure:

2—42H. INVERTED FLIGHT.

2—42]. Float type carburetors are designed to operate
satisfactorily during all airplane maneuvers. During up.
side down flying, the float action reverses. .Fuel is
pumped to the jets at fuel pump pressure which would
cause the carburetors to run very rich. Check valves are
used to restrict the flow of fuel to the needle valve and
to shut off the float chamber vent. Special fuel and oil
systems are required if the airplane is to be operated
upside down for a long period of time.

2—42K. ACCELERATOR.

2—42L. For quick acceleration of the engine, a quantity
of fuel in addition to that supplied by the main meter-
ing system is required. A fuel pump, operated .by the
throttle has, therefore, been incorporated in the design
{Figure 2—23]. This pump gives a positive accelerating
retor. It delivers this charge as a momentary spurt of
fuel followed by a sustained discharge for a few seconds.

2—42M. SELF-PRIMER.

2—42N. The accelerator pump on all the recent float type
carburetors is also used for a primer. When the mixture
control is placed in the full lean position, a valve on the
mixture control shaft opens, allowing the dlschai-ge from
the accelerating pump to flow into the engine primer
lines.

2—42P. IDLE CUT-OFF.
2—42Q. The idle cut-off is a part of the mixture control

.assembly. It consists of a valve and the necessary channels
-drilled in the bodies. The valve.is opened during the last
* few degrees of mixture control -lever- movement-toward

the full lean position. With valve open and the throttle
closed, the manifold suction existing above the throttle
valve is transposed directly on top of the fuel chamber
by means of a drilled passage in the body, and the fuel
flow through the idle system is stopped, thereby causmgr

the engine to cease firing’ mxmedxately. '
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TM 1-2R-R985-2 Section |

WHEN THE SWITCH IS ON R (RIGHT)
THE RIGHT IIAGNETO IS FIRING THE
FRONT SPARK PLUGS.

WHEN THE SWITCH IS ON LILEFT)
THE LEFT HABNETO ISFIRING THE
REAR SPARK PLY

ad

8073 SWITCH

r 7?

—
+4
HIGH

TENSION . _m—

BO%%TER e o
INDUCTION —_ CONNECTION
VIBRATOR — LEFT MAG

- LEFT MAGNETO BLOCK NOS.

ENGAGING
SOLENOCID

MiGH TENSION BOOSTER CABLE GOES TO
(Y (MAGNETO DISTRIBUTOR)
INDUCTION VIBRATOR CABLE GOES TO
(®) (MAGNETO PRIMARY WNDING)

VIEW LOGKING FROM FRONT OF
ENGINE, (ngrensncem RioHT

BOODHOOOEOE T A, © DB OO 6 &

CYLINDER NOS. OF ERONT SPARK PLUGS : CYLINDER NOS.OF REAR SPARK PLUGS
(FRONT IGNITION MANIFOLD) - (REAR ISNITION MANTFOLTE
MAG.BLOCK NO. |112{3/4]5]€]7]B|9
CYLINDERNO. |1}3]5{7{9]2]4]6|8
- 00‘@\ . =
Gop

FRONT MANIFOLD REAR MANIFOLD
' MANIFOLDS VIEWED -
"~ FROM FRONT OF ENGINE , .
.+ LOCATIONOFWIRESIN - LOCATION OF WIRES IN
" RIGHT MAGNETO CONDUIT " LEFT MAGNETO- CONDUIT
SHOWING MAG. BLOCK NOS. 7 : - SHOWING MAG, Bmgﬂ NGS,

Figure 2—54. Schematic Diagram of lunifklén;:rs'ymm
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Section N
Paragraphs 2—42R to 2—42W

2—42R, SUMMARY.

2—42S. The specifications or settings in these carbure-
tors are the result of a great deal of test work conducted
by the engine and carburetor manufacturers in the
laboratory and in flight, and should not be changed
unless specific instructions are issued by the manufac-
turer, In a case where unusual operating conditions
necessitate a change, the carburetor manufacturer will
issue any necessary instructions upon application.

2-42T. \GNITION.

2—42U. IGNITION. Ignition [Jigure 2—24) is fur-
nished by a synchronized, dual, high tension, Scintilla
or Bosch Magneto ignition system [Figure 2—25). An
installation includes two magnetos, two distributor as-
semblies, a manifold assembly [Figure 2—26], and two
sparkplugs in each cylinder, The magnetos are mounted
at the rear of the engine. The right magneto fires the

18 International AeroTech Academy.For Training Purpose Only .- .
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front sparkplug in each cylinder; the left magneto fi1
the rear sparkplug, and both plugs are fired simultan
ously. However, since the two ignition systems are el¢

trically independent, satisfactory operadon will still |

obtainable with reduced power should one system fa

2—42V, Dual ignition permits greater horsepower ot
put with less tendency of the fuel to detonate. Hij
tension current is generated and timed by the magne
which is independent of any other accessory, therel
assuring uninterrupted performance of one of the mo
vital parts of the aircraft engine. Radiation of uncor
trolled high frequency current emanating from the ign
tion system is minimized by encasing the entire ignitic
system with a metallic covering known as radio shieldin;
2—42W. The magneto employs four magnetic poles. Tt
poles of the rotating magneto are arranged in alternai
polarity so that a change in the flux direction occw

B
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| TM 1-2R-R985-2 : Section 1
; Paragraphs 2—42W to 24!

[

Figure 2—-25. Scintilla Magneto

with rotation. The number of flux reversals during one

-{"  complete revolution of the assembly is equal to the
number of poles on the magnet. In this arrangement,
the coil assembly remains stationary. The flux density
depends on the area of the magnetic pole engaged by -

the pole shoe. The electromotive force induced across
the windings is proportional to the rate of charge of the.
flux. The volsage that the magneto is allowed to develop -
is determined by the sparkplug gap dimension and the

density of the charge in the cylinder at the time of

discharge. .

2-43. STARTER. A SAE standard aircraft starter mount-

ing flange is provided on the rear section for mounnng

a starter (. Fxgure 2~19).

- 2—44' I.UBRICATION [Figures 227 and 2--28]

2-45. GENERAL. Oil is circulated ‘through the engme
by the three section gear pump which consists of one
pressure and two scavenge sections [Figure 2-29]. The
pump is located in the right side of the rear case. Oil
from the tank enters the oil m through a port in the
pump cover. The oil is then to'the pressure stage
of the pump and from there flows under pressure to the

. International AeroTech Academy For.
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Section |l
Paragraphs 2-45 to 2-51

T™ 1-2R-R985-2

SECTION

SMALL SCAVENGE
SECTION

PRESSURE GEARS

LARGE SCAVENGE

PACKINGS

LARGE SCAVENGE KEYS
GEARS

IDLER

DRIVE GEAR

SHAFT
END PLATE
OROXC
.
—\7 Q 13
OIL SEAL gl :
RING qﬁ 3

SMALL
SCAVENGE
GEARS

—F ®
59

Figure 2—-29. Exploded View of Oil Pump
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‘Figure 2-30. Oil Strainer

oil strainer chamber, via a cored passage in the rear case. -

After entering the oil strainer chamber, the oil passes-
through the strainer assembly [Figure 2—30], and then

through the spring loaded check valve. When the engine

is not running the check valve prevents oil from seeping

into or out of the engine. When the oil emerges from the

check valve in the oil strainer assembly, it is diverted into

two main branches. The flow of oil through each branch
is described separately-under :paragraphs 2—47. through -

2—46. FIRST BRANCH.

2—47. The oil is directed through a passage to an annu-

lus around the right magneto drive gear shaft rear bush-
ing. Part of the oil from this annulus is carried by drilled
passages to the right accessory drive gear bushings.

- Here the oil enters the hollow accessory drive gear shaft

2 International AeroTech Academy For Training Put
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and flows upward to the starter shaft bushing, Part of

~ the oil from this annulus flows upward through a drilled
passage to lubricate the accessory and another part enters
the magneto drive gear shaft and flows forward to lubri-
cate the front bushing.

2—48. Another passage carries the oil from the annulus
encircling the right magneto drive gear shaft rear bush-
ing to the oil pressure relief valve, which regulates the
engine oil pressure. Bypassed oil is returned to the inlet
side of the oil pump pressure section.

2-49. SECOND BRANCH.

2—50. “The oil in this branch is directed to the left side
of the rear case where the oil flow divides, Part of the
oil enters the annulus which encircles the left magneto
drive gear shaft rear bushing. Drilled passages from this
annulus carry oil to the left accessory drive gear bush-
ing. Here the oil enters the hollow accessory drive gear
shaft and flows upward to the starter shaft bushing,
Other drilled passages and tubes carry the oil to the
‘vacuum pump, tachometer, and starter gears. Oil from -

- the annulus around the left magneto drive gear shaft

“rear bushing flows upward through a drilled passage to
" lubricate the accessory; oil also enters the shaft and flows

- . forward %0 an annulus around the front bushing where

" it is directed by a drilled passage to the front of the
supercharger case. Here the oil provides lubrication for

'.L.s;irvzhe‘i-impeller.:shaftbearings.' - T e

2-51. Oil for the crankcase and front section is carried

* from the left side of the rear case through the rear and

supercharger case by a tube. The supercharger case oil

pressure tube ‘bracket supports a tube assembly which

_ transfers the-oil to the crankcase and also provides spray

lubrication for the floating gear and impeller interme-
ot : _ J :
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. Section I
Paragraphs 2—51 to 2--54

- _ ‘. F:gure 2-31. Cam Oil Feed Brackﬂ‘

diate drive gear. The-oil passes from the pressure tube
bracket through a series of tubes and drilled. passages
‘in the ctankcase to the cam oil feed bracke: [Figure
2-31] on the front face of the:crankcase.

2-52. At the cam oil feed bracket the oil is directed
into two channels. In the first channel the oil flows to
the front case where it enters the rocker oil mariifold.
Hollow screws transfer the ¢il to the tappets. From there
oil is forced through the pushrods to the rockers. In the
second channel the oil is forced through the cam oil
feed bracket into the crankshaft, Holes in the crankpin,
the masterod bearing, and masterod provide for the

S F R A .

splash lubncanon of the pistonpins, plstonpm bushings,
and flyweights,

2-53. SCAVENGE OIL. -

254, The surplus oil in the engine proper drains into
the main sump from where it is pumped back-through
the ‘scavenge pump. Oil from the rockerbox drains -
through the pushrod cover tubes to the front case, or
through a system of mtercylmder drains to an addi-
tional compartment in the sump from where it is
returned to the oil tank. The rear case oil drains through
a tube into the supercharger case, then into the sump.
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SECTION 111

SPECIFICATIONS

ALL MODELS
GENERAL , .
Type Single Row, Radial, Air-Cooled
 Number of Cylinders 9
Bore 5.1875 inches
Stroke 5.1875 inches
Piston Displacement 985 cubic inches
Compression Ratio i 6:1
Impellér Ratio 10:1

Impeller Diameter 6.87 inches
Crankshaft Rotation » Clockwise
Crankshafe Spline Size . . SAE No. 30

Diameter of Mounting Bolt Circle

- 23,375 inches

Number of Mounting Bolts

9

Overall Diameter of Engine

46.25 inches

Overall Length of Engine

43.05 inches

Approximate Center of Gravity:

Forward of Mounting Boss Rear Face

6.88 inches

- Distance Below Crankshaft Centerline -

.38 ineh

“VALVES AND TIMING

Intake Opens

26 degrees Before Top Center

Intake Closes

76 degrees After Bottom Center

Exhaust Opens

71degrees Before Bottom Center

24 . International AeroTech Academy For Training P ;
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ALL MODELS

Exhaust Closes

-

31 degrees After Top Center.

Intake Remains Open

282 degrees

Exhaust Remains Open 282 degrees
Cold Valve Adjusting Clearance .010 inch
Valve Timing Check Clearance .060 inch
Valve Lift: ~
Exhaust 4687 inch
Inlet .56 25 inch
IGNITION SYSTEM
Magneto Type SB9RU-3 or SBORN-3
Rotation of Magneto Drive Counterclockwise
Magneto Speed Ratio to Crankshaft 1.125:1
Magneto Blast Tube Connection .750-14 NPT
Spark Plug Gap 011 inch-.014 inch
Spark Plug Types 706SR
RC-26S
RB-485S
SH-2K
Spark Advance 25 degrees Before Top Center

. FUEL SYSTEM

Fuel Required In Flight Specification No. MIL-F-5572, Grade 91/96
Fuel Inlet Connection .375-18 NPT '
Fuel Pressure Co_gnectionb B _ .125-27 NPT

‘ .125-27 NPT

Manifold Pressure Gage Connection

LUBRICATION SYSTEM

Grade Of Oil Required Speciﬁc_aﬁon No. MIL-L-6082, Grade 1100 0r 1120
Oil Tank Vent Connection - .750-14 NPT

Oil Pressure Gage Connection - .125-27 NPT

Oil Outlet Thermo. Connection . .625-18 NF-3.

Oil Inlet Thermo. Connection .625-18 NF-3

Breather Connection .750-Hose

AEcessoi‘y Oil keturn to Engine .375-18 NPT (Left Side of Sump)

Starter Drive:

'

Pad Stud Centers

5 in;}{%faiameter Bolt Circle

Speed to Crankshaft

International AeroTech Academy: For Training Pu}p
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ALL MODELS

ACCESSORY DRIVES

Rotation

Counterclockwise

Generator Drive:

Type of Drive 6 internal Rectangular Splines
Pad Stud Centers 5 inch diameter Bolt Circle (Square Pad)
Rotation E Clockwise

Fuel Pump Drive:

s

Type of Drive

11 Internal Involute Splines

Pad Stud Centers

2 x 2 inch Square Pad

Vertical Auxiliary Drives:

Type of Drive 16 External Rectangular Splines
Pad Stud Centers 1.875 x 1.875 inch Square Pad
Speed to Crankshaft 1.00:1

Roration

Counterclockwise

Vacuum Pump Drive:

Type of Drive 12 Internal Involute Splines
'Pad Stud Centers 1.875 x 1.875 inch Square Pad
-Speed to Crankshaft | 1.50:1
" Rotation ' Clockwise
Speed to Crankshaft . 1.00:1
Rotation - Counterclockwise :
Tachometer Drives: _ » ,
Type of Drive - .875-18 NS-3 Coupling

Speed to Crankshaft

- .50:1

Rotation

- Clockwise (Right Side)
Counterclockwise (Left Side)

DISTINGUISHING FEATURES co e

-AN.3 -AN-39

MODEL R-985 AN -AN-39A

. Average Dry Weight ' 674A]bs B 682 Ibs - 674 Ibs 682 Ibs
.Cgrburetor . _ . NA-R9B .NA-R9B. - . NA-R9B 7 NA-R9B
(CARB) Sewing 18 18 18 ' 18
Starter Jaw No. of Teeth 3 3 3 - 3
Generator Drive Ratio ' 1.5:1 1.5:1 ‘ ‘ 21 : 2:1

26 _ International AeroTech Academy For Tr‘éinir}g;l?urpose Only ™~
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Section IV
Paragraphs 4-1 to 43

SECTION 1V

PREPARATION FOR STORAGE OR SERVICE

| cumpsmerngs

WASP ﬁnm

Figure 4—1. Removing Packing Case Cover

4=1. UNPACKING THE ENGINE.

4-2. GENERAL.

a. Engines received at operalnhg activities have
been prepared for storage in accordance with Specifi-
~ cation MIL-E-6058.

b. When unpacking an engine, do not turn the pro-
peller shaft or-drain the- corrosion preventive mixture

froin the engine. Do not remove the carburétor mount-" "~

ing pad cover, exhaust port covers, or any dehydratmg
plugs. :

c. Handle pliofilm envelopes at temperatures of

20°C (6B°F) or higher. Lower temperatures tend to

stiffen the envelope material, thereby creating diffi-

' . International AeroTech Acadenjy_FO
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. Figure 4-2: Lifting 4 Sides From Base

_ culties in handling and making the envelopes more
vulnerable to rupture.

. d. The rings on-the cover of the case are used only

for lifting the cover.

4-3. REMOV;NG THE ENGINEINA
VERTICAL POSITION. =

a. “Reniove 'the'metal ‘straps fromi the case.

. b.. Attacha slmg to the two rings on each side of the

cover, and lift the cover from the- case E’tgun 4-1
carefully in order to prevent damage to the carburetor,

which is in a carton fastened inside the.packing case
‘cover. Lift the front sides opt ﬁf‘thf"basé[f;gu;. 4=2.
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Paragraph 4-3
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Figure 4—3. Remove Tape

Figure 4—4. Unscrew Protector Caé

c. Remove the tape [Figure 4—3] which gathers the

top of the engine protective envelope around the propel-
ler shaft and open the envelope by cutting off the sealed
portion. Cut off as little envelope material as possible
se that the envelope can be reused. Unscrew the protector

' -cap and spannernut [Figure 4=4; then remove the pro-
tective -envelope:-and-spacer from the -propeller- shaft

[Figure 4-5].

d. Remove the nuts and lockwashers which securev

the engine to the mounting plate. Install P\ A-520 Lift-

. ing Eye on the propeller shaft, and lift the engine from

the case by means of a chain hoist {two tons minimum)
igure 4~6). Roll the protective envelope down from
the engine, wipe it clean, and store it for further use.

28 ; International AeroTech Academy For Training Purp'o"

Figure 4—6. Lift Engine W:thChum Hoist

-e.Lower- the engine ‘into RBS s ‘2000 Engxne Stand.

'equxpped with R85-P-31300 Mousting Plate and secure it

with the bolts, lockwashers, and nuts [Figure 4-7].
Remove the bags of dchydrating agent which are secured
to the cylinders.and remove the humidity indicator.

f. Crank sthe bed of the engine stand until the engine
is in the flight position. Attach PWA-37 Lifting Sling
to a chain’ ’ﬁoxst and attach the hooks on the slmg to the
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Figure 4-7. Engine in Stand

two lifting eyes on the engine. Draw up on the hoist
enough to relieve the stand of the engine's weight. Re-
move the nuts, lockwashers, and bolts which secure the
engine and withdraw the engine from the stand.

4-4. REMOVING THE ENGINE IN A
HORIZONTAL POSITION. ,

a. The procedure for removing the engine from the
packing case in a horizontal position is the same as that
described for removing it in a vertical position up to the
point of opening the engine protective envelope.

b. Install PWA-520 Lifting Eye on the propeller

shaft. Lift the engine until the base of the packing case is

about 2 feet off the floor, then secure a block and tackle
or a long piece of heavy rope around the base, and pull
the base to one side so that an edge of the base will come
to rest on the floor and act as a fulcrum while:the nose
is being lowered into the flight position. Maintain
enough tension on the hoist to prevent the engine from
nosing over too far. '

c. Roll back the protective envelope as far as the .

supercharger section; then attach PXVA-37 Lifting Sling
to a second chain hoist (two tons minimum), and attach
the hooks on the sling to the two lifting eyes on the
engine. Draw up on’ this hoist enough to relieve the
base of the engine’s weight; then remove the nuts and
lockwashers which secure the engine to the mountiag
plate and withdraw the engine from the case. Remove
the protective envelope from the engine, wipeit cIean,
and store it for further use.

4-5. PREPARING THE ENGINE FOR
INSTALLATION. :
4—-6. GENERAL.

. 4-7. The instructions for engme bulld up treat only

ma;or components. In case any. part of the following . -

-~ instructions are in conflict with or superseded by the -
~ airframe manufacturer’s publications, the instructions

contained in the latter are applicable. For additional
details and specific requirements refer to the installation
drawings for the particular aircraft involved; these draw-
ings are provided by the aircraft manufacturer.

4—8. The vertical auxiliary accessory drive pads have
drilled .188 in. diameter holes for pressure. oil if the pads

International AeroTech Academy For Training Pul :

Section IV
Paragraphs 4--3 to 4-14

Figure 4—8. Hand Pump — Removing Oil
From Cylinder

are of the low type. High pads have no provisions for
pressure oil. An oil supply is available through the center
of the propeller shaft by removing a plug in the end of
the shaft. The vacuum pump pad is provided with a
.1405 in. drilled hole for pressure oil.

4—9, When a propeller governor is used on the R-985
engine, oil under pressure should be piped from the
main oil strainer chamber to the governor. The governor
return oil should be drained to the rear section by an
external pipe connected to the point shown on the

. Installation Drawing.

4—10. For lubrication requirements of various acces-
sories, refer to the applicable accessory manufacturer’s
instructions.

4-11, For torque recommendations refer to “Torque
Recommendations” paragraph 7-110,

4—12, MIXTURE DRAINAGE. The following instruc-
tions should be carried out just prior to the initial ground
run of the engme and in no case pnor to 1 week before
engine operation. If desired, the engine may be installed
in an engine_build-up stand for depreservation, installa-
tion of accessories, or build-up of a complete power unit.
4—13. ENGINE OPENINGS. Remove the moisture-
proof coverings, containers of dehydrating agent, and

'dehydrating plugs from the breathers and other engine

opemngs

CAUTION

Be sure to remove yellow shipping plugs, caps,
. and covers and replace with appropriate flight
- fitting when engine is installed in an airplane.

4-14. CORROSION 'PREVENTIVE MIXTURE. Re-

‘move the starter pad cover plate; the oil outlet pro-

tector-cover-and all drain’ plugs. Remove the sparkplug.

~leads -from' the dehydmtor plugs; . then. remove - the
' deliydrator plugs from th
-m a vertical position;

e cylinders and, with the engine
ow the corrosion preveative mix-
ture to drain from the‘engine. Turn the engiae over by
hand, usmg PWA:312 Turning Bar, at least six complete -

revolutions in-the ormal direction of rotation to facili-

tate draining. ’I.ang a small inspection light, inspect the o
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Section 1V
Paragraphs 4—-14 io 4-23

figuré 4-10. Mount Starter

make sure that the oil or mixture has not accumulated
in them. If an appreciable quantity is present,remove it
with a hand pump Elgwe 4-8] To insure removal of
mixture from intake pipes, process engine as follows:

a. If the engine is depreserved in a horizontal posi-
tion, remove the two bottom-most pipes and drain all
corrosion preventive mixture from them. If excess mix-~
ture is found in the pipes, remove and examine the adja-
cent intake pipes on each side of the engine, continuin
toward the top cylinder until no excess mixture is found.

b. When removing intake pipes, remove packing nut
at supercharger first, and then nuts and bolt at cylmder.
Perform- these operations in reverse order when in-

. _stalling intake pipes. .

- 4=15. OIL STRAINER. Remove oxl strainer from oil -
strainer chamber [Figure 4-%_. Clean the strainer ‘thor-"

oughly. Center a new oil chamber cover gasketon cover,
using a small amountoflubricating grease (Specification
MIL-L-3545) on both sides of gasket. The gasket is to
be installed with the smooth side toward the shoulder of
the cover (crimped or asbestos-exposed side toward
engine). This procedure keeps the gasket from tuming
and wearing a pattern into its scalmg part while the plug

- direction.

TM 1-2R-R985-2

Figure 4-11. Align Mounting Bolt Holes

is being tightened. Install gasket and cover. Tighten
cover with PWA-228 Wrench. Lockwire the cover.
4-16. WASHING THE ENGINE. If necessary, wash the
exterior of the engine with kerosene {Specification
VV-K-211) or dry cleaning solvent (Specification
-S~661), bemg careful to keep the cleaning fluid away

" from the lgmuon cable assembly. Dry the cnglne with

compressed air.

LWARNING l |

Avoidprolonged breathing of solvent and kero-
sene vapors and prolonged orrepeated contact
with skin. Observe fire precautions. Do not
direct compressed air against skin.

4-17. STARTER. .
4-1B. Remove the shipping cover and gasket from the
engine mounting pad. .
4-19. Check the jaw of a new starter with englne -mesh-
ing jaw for size, number and slant of teeth. If sizes

differ, the starter is the wrong model for the engine..
Check starter to make sure it rotates in the proper

4-20. Wipe mounting pad and starter mounting flange
clean, and place a clean, dry gasket on studs; then mount
starter [Figure 4—=10}and secure with washers and nuts.
Note ;
Remove paint, dirt, grease, etc., under three
--z--nuts-on-the-flange ‘to-assure propergrounding. -

"4-21. ENGINE MOUNT.
‘4=22, Two types of engine mounting may be used. In

one case, through- -bolts are used to attach mount lugs
to engine at the nine points of attachment on the ring.
4-23,. The second type of mounting uses -vibration
isolators. The vibration isolators are not engine parts
and _therefore, are not covered in these instructions.
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Figure 4—12. Tighten Mount Nuts and Bolts

4—-24. Remove the engine from the engine stand by
means of a suitable hoist (two tons minimum) and sling.
For build up, the engine may be supported by the hoist
and sling or installed in a transportation stand if one is
available. Align the mounting ring bolt holes with the
mating holes in the mounting bosses [Figure 4-11. In-

“swll the bolts and nuts; then nghtenrfagure4- 12 to

the recommended torque,

4.:25. VACUUM PUMP. -

4-26. Remove the cover plate and the gasket from the
engine pump pad, and wipe the pad clean. Check the
oil holes in the pad to insure free oil passage.

4-27. Remove the shipping plugs from the two ports,
and test the pump manually for freedom of operation.

4=-28. Pour a small quantity of engine lubricating oil
(Specification MIL-L-6082) into the pump ports and
rotate drive coupling assembly several times by hand to
insure a good distribution of lubricating oil on walls,
vanes, and bearings. The pump rotor should turn freely.
If there is evidence of binding, forward pump tooverhaul.

4~29. Coat the drive spline of the pump with. lubricat-

_* ing grease (Specification MIL-L-3545).
430y Place ~the mountrng gnsket that-is “supplied -

with the pump on the engine mounting pad studs making
sure that the oil holes in the gasket line up with the
oil holcs in the engme mounting pad. :

4-31. Carefully mate and engage the pump drive with
gle engme dnve member, then secure and lockwire
guro

" “International AeroTech Academy For Training Puripeé_é Only

_“_442. GENERATOR.
- 4—33. Remove the cover plate and gasket from the

Saction I
Paragrophs 4-24 to 4-3i

o F:'yur; 14-!4.»;?}@‘:0: ~G;;iqrdiot: ,on::vsmd: -

Note :
The pump. may be rotated to the desired posx-
tion to facilitate completion of the sair tubing
connections to the pump pons.

engine mounting pad, wipe the mounung pad clean snd
reassemble the gasket on the pad.

4~34. Remove any paint, grease, and dm from the

.generator. flange % provide. electrical ‘bonding contact.

for the generator mounting nuts,

4-35. Coat the drive spline of the gcnerator with
lubricating. gr:ase (Specification MIL-L-3445).

4—36. Determine the best mounting. position for align-
ment and attachment of the eleccrical leads. Place the
generator on the mounting studs [Figure 4—14] and

31
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Figure 4-!6 Fue! Pump lockw:red

- screw on the mountmg stud nuts. Tlghten the nuts se-

curely [Figure 4—15].

. 4~37:-Loosen thescrews holdmgxh&blast tube’ adapter, s
‘swing the adapter to the required angle.

4—38. For additional details, refer to the installation
drawings provided by the aircraft manufacturer.

4—-39. EXHAUST STACKS. Place the exhaust stack and
gasket (smooth side against the cylinder) on the mount-

- ing studs; then secure thh nuts andpalnuts.

~
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' Figure 4-!7.'Drive‘$h‘uff Seal Drain Line

4--40, FUEL PUMP.

4—41, Check the part and type numbers stamped on the
pump ageinst the specific requirements. Prepare the
pump for installation by removing the shipping block
from the flange, the Protek plug from the inlet port
and the plain plug from the outlet--port. Oil flushed
pumps should be cleaned by flushing with clean. dry
cleaning solvent (Specification P-5-661). Tum the drive
shaft with fingers to check freedom of pump operation.
4—42. Make certain the mounting surfaces of the pump
and engine are clean. Place a new gasket on the studs
and mount the pump. Secure with washers and nuts;
then lockwire [Figure 4—16]. Connect the proper fuel
lines, using an approved anti-seize thread compound

(Specification MIL-T-5544) to the inlet and outlet ports.
"~ Remove the vent plug from the valve housing cover

and install the balance line which vents this outlet with
the carburetor top deck. Connect the drive shaft seal
drain line to the drain hole [Figure 4-17].

. 4—43. During ground checks ‘of - the engine it may be

‘necessary to adjust the fuel pressure. To do this, loosen
‘the lock nut and turn'the adjusting screw clockwise to
iincrease the fuel pressure, or counterclockwise to de-
"crease the pressure. When the lock-nut is nghtened it may
change the discharge pressure slightly, so it is advisable
to take thls condition into. account. when the adjussment
is being ifade. Make certain the lock nut is tightened

~and lockwired after the adjustment has been made:
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Figure 4=18. Install Carburetor ~ Adapter

4-44. CARBURETOR.

4—45. Flush the carburetor through the fuel inlet open-
ing with clean unleaded gasoline (Specification
VV-G-109) and allow the gasoline to drain. Repeat this
operation until all the storage oil has been completely
washed out.

4~46. The NA-R9B carburetor is mounted on the
engine with the float chamber at the side and with the
fuel inlet to the rear. The fuel inlet is a 3/8 inch pipe
tap connection located at the top of the strainer boss.

- A 1/8 inch pipe tap primer connection is located on top

of the mixture control boss. The mixture control and
throttle levers may be adjusted radially to any position.
The 70 degree throttle lever travel requires a control
rod movement of 2-9/32 inches.

4—47. Detach the carburetor mounting pad cover from
the engine. Install the carburetor adapter on the carbu-
retor mounting pad, no gasket is required, and tighten
the six nuts I%iguro 4-1

4-48. Install the carburetor (no gasket) and nghten the
attaching nuts [E,gure 4-19]

- 4=49,. AIRSCODP ADAPTER. - Install the carburetor
air intake screen assembly using & gaskct on'either side
of screen mounting flange. Place the airscoop adapter

over the screen and secure with washers and screws;
‘then lockwire.,

4-50. MAGNETO VIBRATOR AND GROUND LEADS.

Lightly coat the magneto .ground spring connectors

~-International AeroTech Acadeiy Fc
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Section 1V
Paragraphs 4—-44 to 4~51

with insulating compound (Specification MIL-1L-8660).
Insert a connector into the ground terminal of each
magneto. Screw the connector cap onto the ground ter-
minal threads and secure with the clip.

LWARNING

The insulating  compound contains minutely
ground silica and mica which may act as irri-
tants to the eyes and skin. When compound is

" handled frequently, it is suggested that gloves
be worn.

4-51. PROPELLER GOVERNOR [Figure 4-20 ond
Figure 4-211 When a propeller govemor is required,
either the left or right vertical auxiliary drive may be
used to mount a 35 degree angular mounted constant
speed control. Oil under pressure is piped from the main
oil strainer chamber to the govemor. Retum oil from
the govemor is drained into the engine rear section
through the oil tank vent connection. Propeller control
oil is piped from the govemor to the engine front case
through an external tube. Installations calling for the
use of a *‘Hydromatic’’ propeller will use a feathering
pump and a transfer valve and cutout switch. Complete’
instructions for the installation of a propeller govemor
are given in the service manual issued by the manu-
facturer of the governor.
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452,

. 4-60, for engine operating instructions, using depreser-
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- PRESSURE BAUGE
CONNECTION

MAIN OIL
STRAINER HOUSING

CONSTANT SPEED CONTROL
BASE

"‘ mm.u\; a

q,,la,' BOVERNOR DRAIN LINE

OIL TANK
VENT
CONNECTION

t~PROPEL LER
?-?NTRDL -

ENGINE PRESSURE LINE

PUMP DISCHARGE
LINE

ELECTRICAL
CONNECTOR

TRANSFER VALVE AND
CUTOUT SWITCH ADAPTER- -

DEPRESERVATION VALVES, SPARKPLUGS,
AND SPARKPLUG CONNEC’I‘ORS. o

a. Install a Depreservanon Vialvef__ﬁgure 4-22| in
the lower most sparkplu hole of the followm§ cylinders:
-5-6 and 7. Refer to "'Initial Ground Run,™ paragraph

vation valves. Depreservation Valves are-useful in re~
moving fluid from the combustion chamber and intake
pipeof the cylinder in which they are installed. The valve
is acheck valve so constructed as to allow complete sue--

‘tion through the intake pipe on the intake stroke and to

allow expulsion of any excess ‘fluid- within the com-

. bustion chamber on the compression-stroke. Sparkplugs

are w be installed in the balanceof the sparkplug holes.” -

b. Remove the sparkplugs from their sl’uppmg con=~
tainer. Vapordegrease, usingtrichloroethylene(Specifi-
cation MIL-T-7003), or equivalent, the sparkplugs for
one to three minutes {a longer period is not harmful),

.34
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Figure 4=20. Schematic Governor = Hydromatic Installation - - - i

»rVa-por degreasing is desirable to clean the plugs and

remove any accumulated moisture. After inspectingthe
electrode gap (.011-.014 inch), bomb check each spark-
plug on a BG M519 tester {or-equivalent) at 200 psi.
Observe the plug to make certain that a steady spark

~ occurs at the electrodes. Reject any plug that fails to
- fire steadlly at 200 psi or shows any indication of the

plug’s firing below the electrodes. -

WARNING

A

- Aﬁoid-proloi;ged .breathing of njichlbrdcthyl ene
“vapors~and prolonged -or repeated::contact:-
with skin, Observe fire precautions.

c. Apply a llght coatmg of graphxte base anti-seize
thread compound (Specification MIL-T-5544) sparingly
as a thinfi lm on the shell thteads, using 2 small bmsh
[ffgure 4- ‘

: pose Only
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Section IV
Paragraphs 4=52 to 4-55

Figure 4~24. Compound to Connector with Cloth

} CAUTION §

Never allow anti-seize compound to get on the
electrodes since this compound is conductive
and will short out the plug. The anti-seize
compound must not be applied to the barrel
end threads.

d. Visually inspect the condition of the sparkplug
insert and make certain that the top of the sparkplug
hole is clean and smooth.

e. Making certain that there is a serviceable copper
gasket (only one) on the sparkplug, screw the plug into
the cylinder with the fingers until the plug bottoms on
the gasket. If the plug does not screw in easily, remove
the plug and inspect the plug threads. Minor imperfec-
tions of sparkplug threads should be corrected, where

‘possible, by using a small three-comered file. Tighten
"~ the plug to the recommended torque, using PWA-2006,
. PWA-2397, or PWA-2399 Wrench together with PWA-

2398 or PWA-2411 Handle.

f. Remove the plastic protector from the sparkplug
lead connectors.

B pre the hands dry; then, using a clean, dry

cloth, wipe the connector clean: If necessary moisten
the _cloth - with dry cleaning solvent (Specxfxcatlon

-S-661) or. equnvalent.

e

} CAUTION |

Never use chlonnated solvents, Alcohol or
Acetone.
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h. Visually inspect the connector insulator an
spring. Do not touch with the fingers: If desired, appl
a light film of insulating compound (Specificatio

MIL-I-8660) to the connector bymeans of a clean clot
[Figure 4-24].

WARNING

The insulating compound contains minutely
ground silica and mica which may act &'s irri-
tants to the eyes and skin. When compound is
handledftequently, itis suggestedthatgloves
be wom.

i. Without touchmg the connector insulator or sprin,
with the fingers, install the connector in the sparkplu,
tarrel. Be very careful that the connector is inserte:
straight into the barrel and not **cocked,"’ since this cas
result in a cracked insulator or sparkplug barrel.

jo Run the sparkplug lead coupling nut down finge
tight. Hold the lead in proper position and tlghten the

. coupling nut to the recommended torque, using PWA

1683 Wrench. Never use an open-end wrench, sinc
damage to the barrel insulator may result from sid:
loading.

k. Check the sparkplug leads to be sure that they d¢
not interfere with the engine and are not twisted.

' §-53. EXHAUST COLLECTOR RING. Remove the
- exhaust port covers and install the exhaust collector

ring.

4-54. CARBURETOR. If the carburetor has bean pre-
pared for storage, it should be thoroughly flushed. Fill
the carburetor through the fuel inlet opening with gaso-
line (Specification VV-G-109); then rock it back and

. forth. Remove the drain plug and allow the gasoline tc

drain. Repeat this procedure as many times as neces-
sary to ensure that the storage oil has been completely
washed. Reinstall the dmin plug and lockwire all
necessary parts. Remove the carburetor adapter cover
from the engine and remove any dehydrating agent from
the carburetor opening in the engine; then install the
carburetor. -

4—55. EXTERNAL CLEANING. If necessary, wast
the exterior of the engme thoroughly with kerosene
(Specxﬁcatxon VV-K-211) or cleaning solvent (Specifi-

. casion P-S-661) being careful to keep the cleaning

fluid away from the ignition manifold and magnetos.

WARNING I~ :

Avoid- yrolonged bteathmg of solvent and
kerosene ‘vapors and prolonged or repeated
contact w1th skm. Observe f.lte precautions.
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4-56. MAGNETO GROUND LEADS. Lightly coat the

magneto ground spring connectors with insulation com-
pound (Specrfrcatron MIL-1-8660). Insert a ground con-
nector into the ground terminal of each magneto. Screw
the connector cap onto the ground terminal threads
and secure. ~

WARNING I

The Insulating Compound contains minutely
ground silica and mica which may act as irri-
tants to the eyes and skin. When compound is
handled frequently, it is suggested that gloves
be wom.

4-57. INSTALLATION OF ENGINE. Raise the engine
carefully by means of a chain hoist (two tons minimum)
and guide the engine and mount into position in the
airplane. Bolt the engine mount to the airplane. Attach
all fuel, oil, and control lines to their connections.

4-58. FUEL AND OIL TANK SERVICING. Service

the aircraft fuel and oil tanks with the proper grade of -

fuel and oil as specified in Section 11I. After the oil
tank has been serviced, tum the engine through several
times in order to prime the oil lines and the oil pump.

4-59. PRESTARTING INSPECTION. Before starting
an engine for the first time after installation, the follow-
ing procedure should be observed: Check the magneto
ground wires for proper connection. Determine that the
. terminal marked GRD on the ignition switch is con-
nected to the airplane_structure. Inspect all mounting
bolts andinuts on both the engine and mount to be
certain that they are tight and properly locked. Inspect
the fuel andoil pressure gages, tachometer, thermometer
and thermocouple for proper connection. Inspect all
fuel, oil, and primer lines and connections for working
order and proper connections in accordance with the
fuel-and oil system diagram and the marking on the
fuel valves. Inspect the throttle and mixture controls for
proper connections and operate them to determine that
they function smoothly over the entire operating range.
Open the valves and operate the auxiliary pump and
check for fuel leaks. During this latter check, the mix-
ture control must be held in the ldle Cut-Off position.

4-60. INITIAL GROUND RUN.

4-61. GENERAL. -

4-62. The initial run-in should preferably be made with .

no cowling over the engine accessory compartment.
When practicable, keep the airplane headed into the

wind ' during all ground running. It is recommended
that all ground operation be conducted with the engine
cowling installed since the overall engine cooling ig -
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~ Section IV
Paragraphs 4-56 to 4-7(0

dependent on the airflow across the engine with cowling
installed. While it is possible to maintain cylinder heac
temperatures within limits at low powers without engine
cowling, it is possible that cylinder barrel temperatures
will be exceeded due to the reduced airflow.

b

; CAUTION §

If the barrel temperatures are exceeded the oil
film may be destroyed with resultant ring and "
_ cylinder barrel damage.

4-63. 1f protector caps have not already been installed,
cap (or ground) the leads to the depreservation valve
cylrnders with sparkplug terminal protectors before
rotating the propeller. Rotate the propeller at least 6
revolutions. Start the engine in accordance with the
starting instructions set forth in paragraph 6-33 and
operates the engine at 850 rpm for approximately 30
seconds. Replace the depreservation valves with spark-

© plugs and connect their leads. Refer to paragraph

7-45 and 7-46.
4-64. INITIAL GROQND RUN-IN.
4-65. Start the engine; then fun the engine slowly (850

to 900 rpm) in order to accomplish a gradual wasm-up.
During this run it may be necessary to adjust the carbu-

- retor idling mixture strengthand idling speedasdirected

in paragraph 7-~32. After the engine has been warmed
up and is functioning normally, run it approximately
875 rpm for 1 hour. Then increase the speed to 1600 to
1800 rpm for 15 minutes.

4—66. After the preceding operatron. stop the engine.

; and mspeet for leaks, loose nuts, and condition of parts.

: 4—-67 Remove the pressure and scavenge oil stmmer,
,mspect and clean. »

4~68. Ground test should be conducted in accordance
with the instructions under "*Specific Ground Checks"
paragraph 6—~38, '

4-69. Take-off power and speed used for new and
newly overhauled engines should be limited to the mini-
mum practicable consistent with safety during the first’
ten hours of operation. Likewise, high power climbs,
high BMEP lean mixture cruising (high manifold pres-
sure) -and overspeeding should be avoided during this
period, except in case of emergency. Hrgher than normal

“cylinder “temperatures' may be" ‘evident : for--the -first
;several hours of operation uatil rings are properly

‘seated, and particular care should be taken to insure

- that specrfred temperature and mamfold pressure hmrts

are not exceeded

4;70. Deleteri.i o
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CasbureiorCaron 77" 6 Support Cone-
. Engine Mounting Plate =~ . . 7. Cover Lifting Rings
. Side Panel S g

8. Accessories Carton
9. Cover -

" Figure 4~25. Exploded View of ‘Packing Case - -
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Figure 4—26. Seal Carburetor Packing Case

4-71. PACKING [Figure 4—-25].

4—72. GENERAL. After the engine and accessories
have been prepared for storage, they should be packed
in the packing case. The use of a protective eavelope
eliminates the need for covering the outside metal parts
with a coating of grease or other anticorrosive com-
pounds. At low temperatures, the protective envelopes
tend to become stiff, thereby becoming more vulnerable
 to rupture and presenting difficulties in handling. This

condition may be overcome by handling the envelopes -
* where the temperature is mdintained at 20°C (68°F)

or higher.

CAUTION

Be sure that shipping plugs, caps, and covers
which are insselled on the engine in place of
flight equipment are painted yellow for easy
visual identification.

4—73. PACKING THE CARBURETOR.

a. Place the carburetor in its original packing carton

with the moisture resistant, protective. hmng Attach the
carburetor warning tag advising that it has been com-
pletely slushed with preservative oil. Attach a 1-pound
bag of desiccants (Specification MIL-D-3464) to the
carburetor. Expel as much_ trapped air as possible
before sealing the lining. Seal the edges of the lin-
ing with the sealing iron [Figure 4-26 and close
the flaps of the carton.

_b. If a protective hmng is not available for use in the

" carton, attach a 1 pound bag of dehydrating-agent to -

the carburetor and wrap the carburetor- in- barrier

marerial (SpecificationMIL- B- 121), thenwrapitinheavy .

wrapping paper and place it in a bag of waterproof
crepe paper.The carburetor may then be packed securely
in a carton.

c. Secure the carburetor packing carton to the engine

packing case cover with steel ‘straps or by blocking it
into position with wooden strips.
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Paragraphs 4—71 to 4-75

Figure 4~27. Shipping Base and Cone in Position

4~74. PACKING THE ACCESSORIES. All accessories -
such as sparkplugs, tubes, carburetor screens, and miscel-
laneous small parts which are detached from the engine
for shxpment should be packed in a single container with
amoisture resistant protective lining. Insert 1/2-pound

“bag of desiccants (Specification MIL-D-3464) and ex-

pel as much trapped air as possible; then fold edges of
the lining and seal tightly. Close and seal cover of car-
ton; then secure it in the special-partition on one side of
case. If desired, the carton may be shipped separately
from the engine packing case. :

4—75. PACKING THE ENGINE
a. 'Unfasten and removg the engine from the stand,
usmg PWA-520 Lnftmg Eye, and hoist with a m:mmum _
capacity of two tons. - ¥~

- b. Place the support cone on the paclung case: base, ﬁt- :
ting the holes in the cone over the studs in the base.
Fasten the cone to the base with washers and nuts. Place
the packmg case mounnng plate in position but do not
secure it. S

c. Place the engme case base with the suppon cone
attached and the’ mounting plate in position, undes thg
engine [F:gure"#—-.'ﬂ] Carefully spread the protec
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Figure 4-28. Spread Envelope Inside Support Cone

e. Cover with tape any protruding nuts, studs, or lock-
wire which might damage the protective envelope.

f. Fasten two l-pound bags of desiccants (Speci-
fication MIL-D-3464) to each cylinder [Figure 431
Wrap crepe .paper around the power section;
“then attach the humidiry: mdlcator to the crepe paper
.~[Figure 4-32). :

-+ g. Lower the engine onto the cone and fasten the
~-mounting plate to the cone. Clean the exposed surface
of the propeller shaft being careful to remove finger-
prints. Coat the shaft thoroughly with a soft film of
corrosion preventive compound (Specnﬁcauon MIL»C-
14201).

F:gure 4-—29 lowenng Engme onl‘o Mounf Plate

"enveIope inside the support ‘cone [F:gure 4--28], locat-"'
ing the large reinforcing washers over the holes in the
mounting plate. ‘

d. Carefully lower the engine onto the mounting
plate [Figure 4—29], secure nuts to two opposite bolts,
raise the tngme and moummg plate [ F:gure 4-30] and
fasten the remalmng bolts to-the mounting plate.
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Section IV
Paragraph 4-75

~“Figite 4—31. Fasten ‘Dehydrative Bags ‘o Cylinder

h. Wrap the shaft with barrier material (Specifica-
tion MIL-B-121); then secure with tape (Specification
PPP-T-60) [Figure 4-33". Bring the protective enve-
lope up around the engine. Install the spacer [Figure
4-34], place the envelope reinforced opening on the
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: : T o F:gure 4—-42 Securing Straps Wltb A
Figure 4—40. Lowering Cover into Position S Cnmpmg Tool =

propeller shaft, and. screw. the spanner nut [Figure mg case cover [Flgure 4_39]! md ]ower it in position
~4=35] tight against the-envelope [Figure-4—36]. Install. . - [Figure: 4<40]. Pass two steel straps-over-the-top and
the protector cap and seal the protective -envelope- Fig- under the bottom: Gf\the case, tighten [Figure 4—41],
ure 4--37], withdrawifig as much air as posible without  ‘ and secure with ceimping tool [Figure 4—32]. Pass the
shrinking the envelope tight against the engine. Fasten third strap aroun ?:the case horizontally, tlghten and
the excess envelope materialvaround the propeller shaft. secure with crmgmg tool. Place the engine 1°g data

i. Install the four side panels in the base [Figure  sheets behind the inspection port cover and wire the
4-38], attach the carburetor and accessories to.the pack- cover.
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Figure 4—43. Inspecting Humidity Indicator
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j- The engine should be regularly inspected [Figure
4-33) by means of the humidity indicator, which is a
color chart showing the safe and unsafe color ranges of
the dehydrating agent. The frequency with which engines
in storage should be inspected will depend largely upon
storage conditions. This agent is a deep blue when dry,
ranging to a lighter blue and into pink as it becomes
moist. When the relative humidity exceeds 20 percent,
the dehydrating agent assumes an unsafe color as shown
on the color shart. If the humidity indicator registers
unsafe, replace all old dehydrating agent and install a
new humidity indicator.

4-76. WEIGHT AND DIMENSIONS. The dimensions
for both domestic and overseas packing cases are 54% x
54l x 5234 inches. The weight of the packing case with
the engine approximates 1251 pounds.

SECTION V

ENGINE TROUBLES AND THEIR REMEDIES

5-1. GENERAL.

5-42. This section outlines the most common sympfoins of
engine troubles, their possible causes, and remedies. It

- is interided to guide and expedite the work of the trou-
- -ble:-shooter. - Locating . and..cosrecting engine troubles -
_should be accomplished by first studying the symptoms

carefully and then checking each possible cause, begin-
ning with the most probable, until the exact cause of the
trouble is determined. Because some engine: troubles are
evident in only one range of engine speed, the engine’s
operasion should be observed at low, medlum, and high
speeds, whenever possnblz.

a4 L Ir)te‘maftional AeroTech Academy For Training i?p(poée Only
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53, Before 'att:rf;pﬁng to work on 2n engine which has

been reported as faulty in fight, consult the pilot’s flight
- report and all other available sources for any pertinent
. information which might give a clue to the cause of the

trouble.
5—4:. The term “itrouble shoonng as applled to aircraft

" engines, may be defined as the systematic and thorough
analysis of the symptoms of engine malfunctioning in

order to ascertain the cause or causes and thereby to
determine the proper remedy Generally speaking, engine
trouble ‘is caused by‘

1. lmpmper maintenance or operatlon.

2. Structural. fal!ure ‘




.
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5—5. Maintenance personnel must know the engines for
which they are responsible and should conform with the
recommendations of the manufacturer, who provides
Specific Operating Instructions. If these are conscien-
tiously adhered to, the life of the engine will be greatly
prolonged, the airplane operated more efficiently, and
flight personnel assured of greater safety. Therefore, the
necessity for care and thoroughness in the inspection
and maintenance of aircraft engines cannot be over-
stressed. Good engine operation cannot be expected if
maintenance work. is slipshod. The two major ifems are:

1. Cleanliness.
2. Care or exactness.

5—6. Structural failures may be the result of improper
maintenance or operation. Malfunctioning of such parts
of the engine as an oil pump, pressure relief valve or
carburetor; fatigue failure due to the action of stresses
caused by forces or heat which exceed the specified lim-
its — these and other factors result in failure.

5—7. Effective. trouble shooting follows these simple
rules:
1. A careful initial analysis of symptoms. This includes
a study of the pilot’s flight report and all other avail-
able sources for any pertinent information which might
. give a clue to the cause of the trouble.
2. A systematic check of each probable cause. Since
some troubles-are evident in only one range of engine
! speed, the operation should be observed at low, medlum
-and high speeds. -
%7 3. The segregation of the cause of the symptoms to
“one or more of the systems of the powerplant installa-
tion. These systems are principally as follows:

1. THE IGNITION SYSTEM.

2. THE FUEL AND INDUCTION SYSTEM. This
system comprises that part of the powerplant which
handles the air from the intake scoop to the exhaust tail-
pipe and the fuel from the tank to i% mixture with air.

3. THE LUBRICATION SYSTEM.

4. ENGINE AND NACELLE. This system includes
combustion chambers, connecting rods, crankshaft, gear
trains, crankcase supports, and engine mounting.

5. THE COOLING AIR SYSTEM. This system in-
cludes baffles, covgling, oil cooler, and controls.

6. THE PROPELLER. o
7. ACCESSORIES. In this category are comprehendcd ~
all electrical, hydraulic and pneumanc accessories, such
as pumps, starters, etc. .
- 8. COCKPIT CONTROLS OF ABOVE SYSTEMS.

1528, FUNCTION OF THE FUEL ‘SYSTEM.

5-9. The function of the fuel system is to furnish and
adequate supply of clean fuel in a uniform, consinuous
flow at the required pressure. Clean fuel means freedom
from water vapor, dirt or other sediment that is likely to
clog the jets or in any way to disrupt uniform metering of
the carburetor. In general, the system must be designed,
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and its component parts selected for, the particular
requirements of the alrplane The pressure, altltude and
the airplane maneuvering characteristics are govermng
factors.

5-10. BASIC REQUIREMENTS.
S—11. The basic requirements for a satisfactory fuel sys-
tem are:

1. The maintenance of a posmve head of fuel at the
carburetor with an absalute minimum of air and vapor
content.

2. The pressure should be specnﬁcd for the particular
carburetor type. The Stromberg float type requires 4 to
6 psi.

3. The fuel system should be as simple, fireproof,
and foolproof as possible, with a minimum of bends,
piping, fittings, and accessories.

4. The system components should not be liable to
deterioration or failure due to the fuel constituents,
vibration, low temperature or other destructive factors.

S. The system should function during all operations
and maneuvers which the airplane might perform, and
throughout the accelerations or decelerations which it
might experience.

6. Adequate accessibility should be incorporated in
the installation to permit inspection and servicing, and
to permit replacement of any fuel system component
without partially dlsassembhng the nacelle or the air-

- plane structure.

CAUTION f

Mixed controls and throttles must have full
travel and not hit the ends of the gates on
stand. Mixture control should line up with the
appropriate marks on stand when the control

“arm enters the detents on carburetor. Controls
should line up in any set. pcmuon and have
freedom of movement. :

Noh

B strainers appear excepuonnlly dlrty, flush
carburetor.

NOTE ON ENGINE STARTING
First, see engine manufacturer's instructions and the
recommended starting procedure. In all cases of failure
of the starting system, investigate and remedy the trou.

- ble before making, an"y attempt to operate the system,

5-12. THE USE OF THE THROTTLE IN ENGINE
- STARTING PROCEDURE. ‘

" 5—13. ‘Throttle operation during engine start is a matter

of experience. For most engine starts, the throttle position
should never be more than 14 open and in many cases
a “cracked” throttle is sufficient. In all cases, however,
throttle -"pumping” during engine start will contribute.
nothing to the ease of starting. After the preliminary
throttle position has been established, it should not be

rpose Onily.;k,_, ‘s .
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necessary to change this position until the engine is run-
ning smoothly. After an unsuccessful engine start due
to excessive priming, with float type carburetors, the
throttle may be used to clear the blower case of fuel
vapors. In this case, the throttle is opened fully while
the engine is being cranked. The open throttle prevents
fuel being drawn through the float type idle system,
and the cranking should be followed only with the
switch "OFF”, since the aircraft or surroundings might
be damaged if the engme is started with throttle wide
open.

5—14. BASIC ENGINE STARTING PROCEDURE.

1. Battery or Power Source °
Air/Intake System “Open”
Exhaust System "Open”
Cooling Air System "“Open”

Fuel System “Open”
Oil System "Open”

2. Statter arm switch to "START” position.

3. Engine selector switch to “"ENGINE BEING
STARTED".

4. Engage direct cranking starter and watch propeller
motion. If propeller shows signs of hesitation in turning,
or stops, disengage starter and investigate. With inertia
starters, pull through by hand with throttle “Open”,
and lgnmon “Off".

‘Open”

T™ 1.2R.R985-2

5. Booster pump “ON”.

6. After geared engine has turned freely for 15 to 20
revolutions for a cold engine, or 8 to 10 revolutions fo1
an engine which has been run within the previous two
hours, or half as many revolutions for direct drive en-
gines, turn ignition switch to “BOTH”. This is to pumnp
oil to gear trains and rocker boxes that have drained;
also to clear engine of oil, fuel, and fuel fumes.

Note

By definition, Prop. Rev.

Engine Rev.

Rearranging, Prop. Revs. == (Engine Revs.) (Gear Ratio)
No. of Blades — (Blades Per Prop.) (Prop. Revs.)

Substituting for (Prop. Revs.) from above: No. of blades

= (Blades Per Prop) (Engine Revs) (Gear Ratio).

7. After switch is “ON”, depress ignition boost switch
and prime as required to start engine.

= Gear Ratio

8. Move mixture control to "RICH" before or while
cranking with throttle practically closed.

9. As engine rpm passes 500, ease mixture control
out of “IDLE” towards the “RICH” position. In some
instances with prime still on, it may be best to allow the
engine to smooth out at or below the lean position
before moving the mixture control to the rich position

" and releasing the prime.

5-15. TROUBLE SHOOTING PRESENCE OF METAL PARTICLES IN THE ENGINE.

5-16. SIGNIFICANCE. The presence of metal pamcla on the oil screen and in-the oil sump usually: mdlcates failure
of a part within the engine. Whether the engine is suitable for further service depends upon the kind, form and the
quantlty of the metal particles found. Granular metal pamcles in any amount greater than a trace usually indicate an

imminent part failure.

Note

In case of an internal engine failure, metal chips and foreign matecial will be
- deposited throughout the aircraft oif system. If these contaminating materials are
not removed before the replacement engine is installed, the latter will probably be
damaged and an internal failure result. Experience has shown that the only satis-
factory method of cleaning the oil system is #o disassemble it sufficdently so that
all surfaces where chips may be lodged can be cleaned and visually inspected to make
sure that the foreign material has been eliminated. In particular, it is recommended -~
that sufficient tubes of the oil cooler be removed to insure positively that all tubes
are free of metal particles, as it has been found that methods of cleaning which
involve reverse or alternate ﬂushmg accompanied by shaking the oil cooler are not

sufficiently effective.

5-17. | TROUBLE: Metal Particles in Screen and Sump

(Splinter or Granular Form) -

Note

~ A visual inspection as to color and h'ardnessr will occasionally suffice to determine’
* -the kind-of metal ‘present."When-visual inspection-does-not- positively .identify the
metal, the kind of metal present may be detenmned by the few simple tests descnbed

in the following chart:

Kind of Particle Identification

:Adion Required

1. Steel May be isolated by means of a permanent Engine removal.
magnet. . : '
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5-17. | TROUBLE: Metal Particles in Screen and Sump, Cont'd.

Kind of Particle Identification

2. Tin Identified by low melting point. Use a
clean soldering iron heated to about 500°F
and tinned with 50-50 solder (509, lead —
50% tin). Wipe off the excess solder. A
tin particle dropped onto the heated iron
_will melt and fuse with the solder.

CAUTION

Section V
Paragraphs 5—17 to 5-18

Action Required -

No action required. Since tin is used only
in plating, granular tin will not be found.

Care will be exercised to avoid excessive overheating of the iron during this test.

3. Aluminum Presence may be determined by reaction
with hydrochloric (muriatic) acid produc-
ing a rapid emission of bubbles, Particle
will disintegrate and form a black residue
(aluminum chloride).

4. Silver . Produces whitish fog when dropped into
nitric acid.

5. Copper or Bronze Produces bright green cloud in nitric acid.

5-18. Il TROUBLE: Metal Flakes in Screen and Sump

Kind of Metal :
Flake , .. Quantity and/or Size -

1. Steel - Any quantity.
" Note

May indicate piston failure. Inspect cyl-
inders by visual examination of cylinder
bores. Locate faulty piston with com-
pression check. If a faulty piston is found,
remove the engine.

Silver particles in quantity indicate maste-
rod bearing failure, requiring engine
removal.

Copper or bronze particles in quantity

indicate’ disintegration of a bushing or
valve guide, requiring engine removal.

Action Reguired

" Engine removaL

_ Ring furz may be found in the oil sump of any normal engine or on the main oil
screen. These very fine hair-like particles are the result of normal seating of the
piston rings and cylinders and are not cause for any concern regarding the service--

- ability of the engine. -
2. Tin A Any quantity. ‘
Note

" None.

Since tin is used only in plating engine parts and in thickness not greater than

0005, grarular tin will not be found -
3. Aluminum 1/16” x 3/16” or smaller. -

4. Silver Not over 1/16” x 3/16” and not exceed
ing 10 in number

Nofn
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Engine removal not required.-Make a
careful inspection of the cylinders by
visual examination of the cylinder bores,
and a compression check in an effort to

locate the faulty piston. If a faulty plston o

is found remove the engine.

None.

Silver is used in platmg form on numerous parts. Since silver is quite soft, some
small flakes will otcaswnally be released due to the normal working of these parts.
A very small quantity of silver from the mastergd bearings will make a large number
of tiny flakes as it passes through roller beanngs or gears within the engine. Large
quantities of silver flakes indicate an excessive loss of bearing or platmg material,
and the engine -will be removed as a precautionary measure. .= .
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5-18. Il TROUBLE: Metal Flakes in Screen and Sump, Cont'd

Kind of Metal , -
Flake Quantity and/or Size : Action Required
5. Copper or Bronze 1/16” x 3/16” in size and in quantities None. This indicates normal result
not exceeding 10 flakes. seating of bushings or valve guid

Large quantities.

5-19. IGNITION SYSTEM.
' ' CAUSES

May indicate excessive loss of plating
bushing material. Remove engine as
precautionary measure.

(Fallure to Sta
REMEDIES

N

Note

This work need not be performed except when the housing is opened for other
reasons or when engine malfunctioning, not attributable to other sources, is

encountered.

CAUTION

In all cases of failure of the starsing system, investigate and remedy the trouble
before making any attempt to operate the system.

MALFUNCTIONING SPARKPLUGS

Carbon coating.

Closed sparkplug gap.
"Worn sparkplug bushing; and gaskets.
Wet sphrkblug lead terminal sleeves.

Corroded or damaged xgmtxon cable »
caused by moisture,

Loose wiring terminals and elbows.
Burned shell elecscodes.

Damaged sparkplugs.

NOTE

Clean plugs. -
Replace plugs Refer to pages 88, 89.
Replace with specified bushmgs and gaskes

Dry sleeves.
Replace cable.

Tighten connections.
i!eplace sparkplugs. Refer to pages 88, 89.
Replace sparkplugs. Refer to pages 88, 89.

.ON INSTALLATION OF PLUGS

- CAUTION

Be sure that sparkplug inserts are clean, that the correct sparkplug gasket or thermo-

couple is installed and that sparkplug can be.turned all the way down by hand. Tighten

to the carrect value with a torque wrench. Plugs installed too tightly may be dls-
- torted or insulation cracked, thereby affecting engine operation.

Defecuve sparkplug lead connectors.

Burned. sparkplug léads,. defective igni-
tion cable assembly, or moisture in the
igoition manifold assembly.

Clean dirty connectors with a clean dry cloth. Replace damaged coi
nectors. If necessary, dry cleaning solvent (Specification P-S-661) me
be used for clcamng. Replace compound as described on page 8

Make continuity and high voltage test on manifold. Replace cab
assembly or leads, if necessary, If continuity test shows leads to
unbroken, check conduit -for moisture. If moisture is found, dry ot
conduit by loosening mdmt couplmg nuts and applying heat or a
blast. : ;

P B A bt K e
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5-19. IGNITION SYSTEM, Cont’d. (Fallure to Stort)
CAUSES REMEDIES

Note
If a spark cannot be obtained at the sparkplugs, trace the current from the battery
to the distributor. Check all terminals for security. If ammeter shows a heavy dis-
charge upon turaing the switch, it is an indication of a wiring or ignition shost. If
no flick of the ammeter is noticed when the engine is turned over it is an indication
of an open circuit, defective or dirty coils.

w

Defective magneto ground leads. Disconnect ground lead from each magneto. Attempt to start the engine.
If engine starts, the magneto ground system is defective.
Note '
Check to see that ignition switch is in “ON" position. If. failure to start is caused
by an internally defective magneto, replace this unit.

Defective starter. If the starter jaw does not advance into engagement, check for worn oil
seal and binding action between screw shaft and spline nut. Check the
power source for correct voltage. Replace the control switch or relay, if
it.is inoperative. Inspect wiring, internal and external, for possible
grounded, shorted, or broken leads and for burned, cracked or unserv-
iceable insulation. Internal wiring replacement will require overhauling
of the starter. If the commutator is unserviceable or not concentric or
the armature open, shorted, or grounded, replace the starter.

Insufficient cranking speed. Check batteries and starcer. Connect ‘booster battery. Replace starter
- and/or batteries, if necessary.

Moisture or oil in magneto or distributor.  Clean magneto distributor rotor with dry cleaning solvent (Specifica-
: tion P-S-661), using cleun cloth. Wipe clean with dry cloth. Check
vent lines and screens for foreign matter,

- CAUTION

In order to avoid the possibility of over-lubrication or not getting the oil exactly
_where it is needed as might be the case when an oil can is used, the use of a hypo-
dermic syringe is recommended. This not only assures that just the right amouat
of lubrication will be used, but also that the lubrication is placed exactly where
desired. A o

Dirty, bumed, or pitted breaker points. Clean pomts with dry cleaning solvent (Specification P-S-661), Use
C clean, lint-free cloth. Replace points badly bumed or pitted.

Ground manifold or lead from magneto Check wiring between ground connection and switch. -
ground connection to cockpit switch )

grounded. : - _
 Magneto incorrectly timed to. engine. Check magneto timing. Refer to pages 85 and 86,
" Defective booster. - - Check wiring and connections. Replace defective coil, if 'n“ecessary’
Defective wi;ing. T | _ - Examme wires for moisture, wear, breaks, and loose or mcorrect con-

‘nections. Repair or replace wire or connections as necessary."

Shorted dielectric parts (distributor This condition is started by the accumulation of acid deposits resulting -

heads, blocks or fingers). from normal operation, and from deposis”of perspiration and foreign
material ‘8s a result of handlings It is thérefore essential that the parts
be lightly wiped with a clean cloth aftg: handlmg and that they are to
be cleaned and treated when necess

49
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5-20. FUEL SYSTEM. (Failure to Start)

CAUSES REMEDIES T
Note

Check carburetor specifications and setting to be sure specifications and setting are

for the engine make and model on which the carburetor is installed. Do not change

carburetor adjustments until satisfactory engine operation has been definitely estab-

lished as resulting from carburetion.

Insufficient fuel pressure. ’ Replace fuel shut-off valves not operating; check fuel-quantity indicator
and check fuel tanks with dipstick; replace malfunctioning indicator;
fill fuel tank to [roper level; replace leaking lines and tighten connec-
tions. Check adjustment screw on fuel pump; increase fuel pressure by
turning adjustment screw. Check fuel strainer. Check fuel flow to
entrance of pump. Check flow and rotation directions of newly installed

pump.
Lack of fuel or wrong grade of fuel. Check fuel gage. Fill tank with recommended grade of fuel. Refer
to page 25,
Fuel leaks. Check lines, connections, joints and clamps.
Replace defective parts.

Note
" It 1s normally possible to locate a fuel leak very precisely by visual inspection while
the tanks are full. In rare instances, the exact source of the leak may be hidden or
very difficult to find. In such cases only, use of an air pressure test is indicated.

Some of the basic methods used to detect the cause of tank leaks are:

1. The pressure check, which requires drawing fuel from the tank and applying about three pounds per square
inch of air pressure while soaping the external surfaces.

It is necessary to conduct the air test soon after the tank has been drained and ventilated, because a tank that has
been allowed to dry out thoroughly will show numerous “fizz” leaks at rivets. Brushing soap solution  over these areas
.will show small rings of foam or slowly forming bubbles. This is a normal condition and such “6zz” leaks must be
ignored. The air test is not intended to discover leaks, but merely to locate leaks precisely in event such leakage cannot
be traced to exact point of origin when the tanks are full.

During air test, therefore, the bubble fluid should be applied only to the area known to be leaking fuel. The leak
may be large enough to blow away the. bubble fluid without allowing bubbles to form. In this case, use a large soft
bristle brush, dip it in the fluid, and draw it slowly across the affected area. The brush will restrict the air flow enough
to allow bubbles to form as the tip of the brush passes over the leak.

WARNING I i

It should be remembered following an air test, that the air under pressure in the
tank is a potential explosion or fire hazard. MAKE CERTAIN THAT NO
ELECTRICAL EQUIPMENT OR OTHER POSSIBLE SPARK SOURCE IS
OPERATING IN THE AREA NEAR THE AIRPLANE, OR ON THE AIR-
PLANE, WHEN THE AIR UNDER PRESSURE IN THE FUEL TANK IS

RELEASED

2. The blow-back method wherein air pressure is apphed to the exit point of the leak and the internal surfaces of
the tank are soaped in order that bubbles may indicate the source of the leak.

3. Fluorescent dyes may be dissolved in solvents such as Varsol.and forced through the leak by low pressure air
or.gravity;:so that-chanaels in-the sealing material may be detected by the use of black light.

4. Leaks in upper surface corrugations can best be detected by drawmg a sliding plug through the corrugzmon
and filling that part above the plug with Varsol.

There may be additional methods to detect the presence and souzce. of leaks, but all of them require the use of
good judgment on the part of the tank maintenance crew. The removal of bubbles and blisters in the tank surfaces
and the replacement or repau‘ of small areas of defective matenal an usually be accomplished during regular
maintenance. : '
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CAUSES
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(Failure 1o Start)
REMEDIES -

LWARNlNG I

The engine should not be started with a leaking carburetor because of the fire
hazard involved. Defective carburetors should not be disassembled, but replaced.

Overpriming (engine flooded).

Primer inoperative.

. With ignition “OFF” open throttle fully, and, using starter intermit-

tently, turn engine over. Llecrease priming time or strokes.

Disconnect primer lines from distributor und operate primer to see if
fuel flows from feed lines. Check primer lines or replace carburetor.

" Refer to page 106.

NOTE ON THE USE OF THE ENGINE PRIMER

Proper use of the engine primer is a matter of judgment developed from experience;
the amount of priming required will vary with operating conditions, engine tem-
perature, and general condition of the engine. Overpriming while cranking the
engine allows fuel to exit from the exhaust system and drip to the engine shroud.
After a short period of cranking with excessive prime, the engine fires and ignites
the fuel which has collected on the shroud, causing an engine compartment fire. If
fire breaks out as the engine starts or after the engine has started, keep the engine

runnmg

Incorrect mixture control setting (mix-
ture too lean).

~Adjust throttle and mixture controls.

Note

Before makmg anidle ad,ustment, and expecting to have good results, it is understood
that the engine must be in good condition, namely: (1) Good compression on all
cylinders; (2) Clean ignision, correctly timed; (3) Good fuel and induction system.

- Carburetor loose or leaking at the mount-

ing flange.
Carburetor floods.

Contaminated fuel (water in fuel or
incorrect grade of fuel).

Clogged fuel lines.
Excessive booster pump operation.

CAir leaks ‘or restnctxons m mductnon
system.

Blown or leaking gaskets.
Blistered or cracked manifold.
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Rectify external leaks, if possible. If leaks are internal, replace the
carburetor. Refer to page 106.

Place engine throttle lever in the idle position. 1f carburetor continues
to flood while starting, replace carburetor [Refer to page 106]; check the
fuel pump pressure before replacmg with new carburetor. Check float
level.

Drain and refill with correct grade of fuel. Refer to page 25.

~Locate clogged lines, remove, cleam, and reinstall.

Bngme starting experience, especially in regions of extremely high
ambient temperature, where short stop-overs do not allow engine to
cool down adequately before being restarted, has shown that more suc-
cessful engine starts can be achieved, if booster pump operation is
limited to a very short period prior to cranking the engine. Limited
booster pump opetatlon will, under these circumstances, provide suffi-
cient fuel vapor mixture and minimize the POSSIblllty of overloadmg
the engine. : :

- Check security of ducts, carburetor and‘ mtake pipes; check main air

scoop for restrictions; theck air induction by-pass valve for. operation.
Tighten all loose connections. Check ‘carburetor air filters for foreign
matter, Remove restrictions caused ‘by foreign material. If necessary,.
réplace air induction by-pass va!ve. Check security of carburetor and
intake pipe nuts. §

Replace gaskets.
Replace manifold.
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5-21. IGNITION SYSTEM, {Rough Running;
CAUSES REMEDIES -
Note '

Magnetos, ignition wire and sparkplugs give very little trouble, if they are clean and
installed correctly.

Defective sparkplugs. Determine what plugs are defective by magneto check. (Refer to paj
77.) Remove plugs and replace them with new or reconditioned plug

Defective sparkplug lead connectors. Clean dirty connectors with a clean dry cloth. Replace damaged con
nectors. If necessarty, dry cleaning solvent (Specification P-S-661
may be used for cleanin;. Replace compound as directed on page 89

4

CAUTION

The following cautions should be observed when cleaning sparkrplugs:

1. Never attempt to disassemble ceramic type plugs. -

2. Alxgn ground (side) electrodes with the indicator marks on the bottom of
the correct size adapter,

3. Always hold down adapter and plug with one hand when cleanmg plugs in
Sparkplug Cleaner (blast).

4. Do not hold hood of cleaner (or control valve) in AIR BLAST position or
CLEANING BLAST position for more than three seconds at a time. Complete
entire cycle (all notches on adapter); then remove plug aad examine. If still dirty,
repeat procedure, but only as much as necessary #o remove deposits.

5. Do not attempt to remove deposits by the use of pick,
6. Brushplug base threads with dry cleaning solvent (Spccxfxcatlon P-5-661)
after blasting.

Note

Extreme caution should be used ulecleamng plugs having mica sbxeidmg barrel
insulators to prevent solvent ftom commg in- contact with the mica. Keep ms;de,

of barrel dry. :
‘Moisture or oil in distributor. - -+ Clean dlsmbutor rotors thh dry cleaning’ ‘solvent (Specnfu:auon
P-S-661), using clean cloth. Wipe clean with dry cloth. Check vent
, ‘ ; lines and screen for foreign matrer.
Magneto incorrectly timed to engine. Check magneto timing. Refer to page BS5.~
Dirty, burned, or pitted breaker points.  Clean dirty points. Replace pomts badly bumed or pitted.

Note
Ignition troubles commonly result from neglect in penodlcal inspection of breaker
points, diswibutor bruskes, distributor segments, sparkplugs, tcrmmal connections
and condition of batteries.

5-22, FUEL AND INDUCTION SYSTEM. :(Rough Running)

Leaking connections. . Tighten or xeplace connections. :
Carburetor leaking. " Repair extenal Jeaks; replace carburetor, if leakmg mtemally Refer to
N : - . " page 106
Vapor in fuel system. . ' Remove vent plug from carburetor, place mixture control in “Rich”,
: and operate booster pump unnl fuel- spurts: from vent; then reinstall
-vent plug. -
Note

, Vapor lock is the partn.l or complete interruption of fuel flow due to the presence of

}  air water vapor and fuel vapor in the fuel feed system. The eccurrence: of vapor Jock
depends on the fuel characteristics, the pressure drop in the fuel feed system, the vapor
handling capacity of the fuel system, and pammhtly the vapor pressure at the fuel
temperature in the tank :
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5-22. FUEL AND INDUCTION SYSTEM, Cont'd.
CAUSES

Some canses of fuel boiling and vapor lock are:
1. At low altitude, vapor lock has occurred due to negative pressure in the fuel tank.

{Rough Running)
REMEDIES

The vibration of piping forces air out of solution.
Traps in the fuel system.
Heat input by pump and engine to fuel.

woR o N

Sharp bends, elbows and large numbers of threaded connections which cause excessive pressure drop in
the system.

6. The use of long pipes and small dlameter fuel pump suction plpes is most critical, since absolute pressure
in them is lowest in the system.

7. Leakage of air into pump section which reduces pumping capacity or loss of prime.

8. When the rate of fuel flow through the pipes is much less than 130 ft./min., vapors and air separate
from the fuel at local restrictions and any sharp edges.

9. Rates of flow much higher than 130 ft./mm result in unnecessm!y high line loss. At these velocities -
- trouble may also occur from fuel hammering at the time when the throttle is closed.

10. Air may enter the fuel line with the fuel at the tank outlet when the level is low and the fuel agitated.
A vortex may also exist at the tank outlet which would draw air into the fuel line.

Some remedies for vapor lock troubles are as follows

1. Reduce the pressure drop between the tank and the pump.
2. Use an auxiliary booster pump in each tank in addition to engine pump.
3. Supercharge the fuel rank.

L

Use short pipes leading downward from the tank to the strainer and upward from the strainer to the
. pump.
5. All openings in pumps, valves, tanks nnd fittings- should be of a size eqmvalent to-that of the tubmg
required and have no abrupt change of area.
6. Eliminate leakage. This may be checked by sealing the sank outlet and maintaining 12 psi suction at the
fuel pump inlet.
' 7. Place a grid or straightening vane in the tank at the fuel outlet.

. B. Use combination of moderate tank pressure in addition to the pressure developed by elemxcally -driven
‘booster pumps in each header tank.

Clogged carburetor strainer. Remove and clean strainer. -

Improper grade or contaminated fuel. -

Air Jeaks in induction system (blown or
leaking gaskets).

Defective pumps (insufficient fuel flow).
Vibrating flexible fuel lines.

Carburetor settiﬁg and intake scoop not
matched.

" Fluctuating fuel pressure.
Incorrectly adjusted carburetor control
linkage.

Air leaks or restrictions.

International AeroTech Academy For Traini
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Drain system and reml;‘ dezn strainers.

"Repl;ee gaskets, . -

Replace defective pumps. -

Tighten loose lines. Replace, if necessary.

Replace with recommended parts. »

Check fuel gage to. make sure tanks are full. Check operanon of fuel

‘and booster puiiips. Repaif “or replace Ppumps,” if necessary,

Adjust linkage so that movement of cockpit controls results in corse-
sponding correct movem'ent of throttle and mixture control levers.

Check air scoop for !'orelgn matter. Check security of carburetor and
intake pxpe nuts. Check for loose or dnsconnected primer lines, - '
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5-24.

Section V
Paragraphs 5-23 to 5-24

5-23. PROPELLER.

CAUSES
Siudge in the dome.

T™ 1.2R-R985 .2

(Rough Runnin
REMEDIES

If the condition is not corrected by moving propeller control from fi
INCREASE RPM to full DECREASE RPM several times, with engii
running and oil hot, remove propeiler dome and clean it out thoroughl

Note

A rough propeller may czuse excessive vibration. When this condition is due to the
propeiler itself, the cause usually lies in the blades and not in the propeller blade

operating mechanism.
Scarred or damaged blades.

Blades out of track or not alf set at same
angle,

Loose propeller shaft nut.

Malfunctioning engine.

Unbalanced propeller.

Faulty operation of propeller or
governor.

Loose or broken engine flexible mount-
ing bracket.

Loose exhaust collector ring.

ENGINE.

Sticking intake valves.

Broken valve springs.

Worn or broken piston rings, cracked

* piston or cylinder head. Burmed piston.

Improper valve clearance.

Visually inspect blades for danage. Repair or replace damaged pari

Check blades for correct tracking. Check blade angle at correct statio.
Set blades at correct angle.

Remove propeller and examine all parts for damage. Check engit
thrust bearing nut for correct torque. Tighten shaft nut to proper torqu

Test engine with propeller assembly of the same type which has bet
taken off an airplane that is operating correctly. 1f roughness still exis
after testing with substitute propeller, check engine for proper operatio:

Replace propeller.

Refer to manufacturer's applicable publications.

Tighten loose flexible brackets to their proper torque. Keplace broke
brackets.

Tighten loose nuts.

(Rough Running

Generally caused by carbon or lack of lubrication. Lubricate stickin
valve. Replace cylinder, if necessary. Refer to pages 97 through.101.
Inssell new springs. Refer to page 103.

Locate by compression test, Replace plston and cylinder assembly. Refe
to pages 97 and 98. - ,

Ad;ust valves Refer to pages 81 and 82.
Noro

Check the installation of the engine. Check. tightness of the mounnng bolts and
soundness of the mounting lugs. =~ = . .| . _

Loose intake manifold or defective

gasket.

Intake manifolds should be checked p&iodicdly for looseness.

Note

A loose intake manifold or defective gasket will cause the cylinders to which the

Broken cam iobes.

.. Broken tappet-roller.. ... ... . -

Stuck tappet.
Broken tappet guide.
Broken pushrod. -

Broken rocker arm.

54

manifold is connected to operate unevenly at the lower engine speeds.

Return engine to overhaul.

~.. Return:engine to overhaul: . - ' SR s

Return engine to overhaul.
Return engine to overhaul. ,
Replace pushrod. Check valves and valve guides for snckmg

Replace rockerarm. Inspect valves and pushrods. -
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TM 1-2R-R985-2 Appendix |
Parographs A-1 to A=-2

APPENDIX |
GOVERNMENT SPECIFICATIONS

A-1. GENERAL. . used in servicing engines.
a. This appendix is included for the purpose of list- b. Products procured under these specifications are
ing specifications of various materials. The table will be acceptable for use by the U.S. Army.

A-2. TABLE OF GOVERNMENT SPECIFICATIONS.

Specification Application
No. Title {Primary)
MIL-G-5572 Gasoline —Aviation
Grade 91/9¢
MIL-L-6082 Oil—Lubricating Slushing
Grade 1100 Lubrication
Grade 1120 Lubrication
MIL-C-14201 Compound—Exterior External Preservative

Corrosion Preventive

High Temperature

MIL-C-6529 Compound—Corrosion Engine Interior
' Preventive ' :
MIL-T-5544 Thread Compound Threaded
~Anti-seize Fittings
P-§-661 Solvent; Dry Cleaning- Cleaning
MIL-1-8660 Insulaﬁng Compound Insulating
PPP-T-60 Tape—Adhesive
Waterproof
MIiL-B-121 Barrier Material Covering
Grease Proofed -
Flexible (Waterproof)
VV.K-211 Kerosene Cleaning
VV-G-109 Gasoline —Unleaded Cleaning
MIL-D-3464 Desiccant (Acuvated) in Bags ﬁStoméc‘ S
MIL-T-7003 Trichloroechylene Cleaning
MIL-L-3545 Lubricating Grease— Spline or

Thread Lubricant

International AeroTech Academy For Training Purpose Only L . 117
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5.-24. ENGINE, Cont'd.
CAUSES

Worn rocker arm bearing.

Bent valve stem..

Broken pistonpin.

Broken linkrod.

Broken knucklepin.

Exhaust port shipping plug not removed.

5-25. ENGINE NACELLE.

Loose air ducts.

Loose cowling supports or exhaust mani-
folds.

Loose or broken engine mounting
brackets.

Engine mounting flexible bracket assem-
blies loose or broken.

Loose exhaust collector ring.

5-26. IGNITION SYSTEM.

Improper spark advance setting.

Defective sparkplugs.

Defective sparkplug lead connectors.

Moisture or oil in distributor.

Magneto incorrectly timed to engine.

Dirty, burned, or pitted breaker points.

Insufficient fuel pressure.

| Incorrectly adjusted- carburetor control

? linkage.

Air leaks or restrictions in induction
system.

Wrong grade of fuel.

5-27. FUEL AND INDUC‘I’ION SYSTEM.

International AeroTech Academy For Training. Fﬁfribose Only
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Section V
Paragraphs 5-24 to 5-27

T™ 1.2R-R985-2

(Rough Running)
REMEDIES : .
Replace bearing. .
Replace valve and/or cylinder assembly. Refer to pages 97 through 101,
Change cylinder assembly and/or engine.
Return engim;- to overhaul
Return engine to overhaul.

Remove plug and insped.

(Rough Running)
Check all air duct connections and suphorts; tighten where necessary.

Check and tighten where necessary.
Replace broken bracket assemblies.

Check all core stem nuts and engine mount ring nuts to see that they
are tightened to correct torque. Replace any broken bracket assembly.

Check the exhaust collector ring and tighten nuts, if necessary.

{Low Power)

Check spark advance setting. Refer to page 85.

Determine whether front or rear plugs are defective by magnetb check.
Remove the plugs and replace them with new. or reconditioned plugs.
Refer to pages 88and 89.

Clean dirty connectors with a clean dry cloth, Replace damaged con-
nectors. If necessary, dry cleaning solvent (Specification P-S-661) may
be used for cleaning. Replace compound as directed on page 8%.

Clean distributor rotors with dry cleaning solvent (Specification
P-5-661), using clean cloth. Wipe clean with dry cloth. Check vent
lines and screen for foreign matter.

Check magneto timing. Refer to pages 85 and 86.

Clean dirty poxnts Replace badly bumed or pitted. Refer to page 82.

{Low Power)

To increase pressure, turn ad]ustment‘ screw on fuel pump to right. See
that fuel shut-off valves are operating; observe fuel quantity indicator
and check fuel tanks with dipstick; check fuel lines for leaks. :

Adjust linkage so that movement of cockpit conttols resuk&m corra- ,

.. ponding.correct-movement of throttle.

Check air scoop for foreign matter. Check security for carburetor and
intake pipe nuts. Check for loose or disconnected primer lines. Check
bypass valve for sticking; cheek ducts and connections; clean carburetor
air filter.

Fill tank with recommended grade of fuel. Refer to pageiZS.




Saction V TM 1.2R-R985-2

‘ Paragrophs 5-27 to 5-29

s 5-27. FUEL AND INDUCTION SYSTEM, Cont'd. ‘ (Low Pow
; CAUSES REMEDIES

Fluctuating fuel pressure.

Throttle valve does not opea fully.

Carburetor air temperature too high. .

Internal carbur

Dirt and grime on the venturi tubes, ,

etor trouble.

5—28. PROPELLER.

Malfuncdoning-

Governor high-rpm adjustment unprop-

erly set.

Incorrect angle setting of blades.

-

Check fuel gage to make sure tanks are full. Check operation of f
and booster pumps. Repair or replace pumps, if necessary.

Check rigging of throttle control.
Check rigging of carburetor preheat control.
Replace carburetor. Refer to page 106.

Remove the air screen and clean the venturi “urfaces. The characteri:
of lean metering, due to dirt on the venturis, is espedially present at h
sirflows such as those encountered \during climb and takeoff operati
Such a condition may be evndenced by increased cylmder ha
temperaturu.

{Low Pow

Note

Propeller malfunctioning is indicated by failure of all engiaes or of an individual en-
gine, to attain take-off RPM when propeller control is set in full "“INCREASE RPM".

of governor,

Check mounting pad for damaged or wrong mounting pad gasket. If t
transfer in the governor will not open, remove the valve and check |

. ~dirt. Check governor base plug for incorrect rotation. Inspect drive sh
_ for shearing. Replace govemor, if necessary.

Check and correct as necessary.

Cortect blade setting.

-Governor low-rpm stop improperly: Adjust and correct.

ad;us(zd.

Improper valve
Sticking valves,

56

Note

Sluggish operation is recogmzed by a slow response of propeller to change in air- -
plane control, airplane attitude, and/or changes in propeller control. When this '
condition exists, rpm w:ll increase or decrease suddenly, gradually returning to

“On Speed”.

clearance.

Broken valve s prings.

~oven. o Worn-orsticky piston: sings; cracked pxs-
- ~tons Of- tylmder heads.

Leaks or restrictions in exhaust system.

i Poor compression.

(Low Pows

Adjust valve clearances. Refer to' pages 81 and 8‘2A

. Lubricate sticky valves. Replace cylinder, lf necessary.- Refer to pages !

through 101,

Install new springs. Refer to page 103.

-Lomte by compression- check.- Replace- pxstoxrand t.ylmder assembly
..-,descnbed on pages 97 through 101. S

Check for leaking exhaust; check for foreign matter in exhaust systc
or cover plate left on exhaust port; adjust or replace any part whic
causes leakage; remove foreign matter or cover plate.

Check for faulty \alve or valve actxon, defective piston rings, or iocv

spatkplugs
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5-30. ENGINE.
CAUSES

TM 1-2R-R985-2 Section V

Paragrophs 5-30 to 5~32

(Loss of Compression)
REMEDIES -

Note

The compression which determines the engine power depends upon the proper func.
tioning of the valves, Although it is possible for the engine to lose compression
because of leaky compression rings in the piston, low compression for the most part
can usually be traced to leaky valves.

Warped or pitted valve seat.

Valve stem covered with scale.

5-31. IGNITION SYSTEM.

Internal trouble with magnetos.

Loose or defective sparkplugs.

Improper spark advance setting.

Defective sparkplug lead connectors.

Magnetos incorrectly. timed.

birty, burned, or pitted breaker points.

5-32. FUEL SYSTEM.

Incorrectly adjusted carburetor control
linkage.

Internal carburetor trouble.

Air leaks or restrictions.

:Lack of-fuel orwrong- grade:‘éf fuel.

Fluctuating fuel pressure.

Insufficient fuel pressure.

International AeroTech Academy For Training

_ replace pump, if necessary .Refer o pages 97 and 98.

The extremely high temperatures at which the valve operates sometimes
cause the valve head or the stem to become warped. Either condition will

prevent-the valve from closing tightly. Often when a valve has been
burned it will also be found to be warped.

Scaling is the result of burning, although it is mild in form. When this
occurs, small flakes form on the valve seat. These are blown away by the
exhaust gases causing the valve to become rough and uneven. It is obvious
that such a condition destroys perfect compression.

{Loss of Power)

Replace magneto. Refer to pages 91 and 92.

Check for defective or fouled sparkplugs, or cracked ceramic insulators;
check gap. Réplace, if necessary. Refer to pages 88 and 89. == -

Check épark advance setting. Refer to pages 85 and 86.

Apply continuity and high voltage tests to determine if lead is defective.
Replace assembly, if defective wires are found.

Check magneto timing. Refer to pages 85 and 86 -

Clean dirty points. Replace point badly pitted or bumed. Check condenser.

(Loss of Power)

Adjust linkage so that movement of cockpit controls results in corre-
sponding correct movement of throttle and mixture control levers.

Replace lc:‘zi'rl:»uretor. Refer to page 106.

. Check air. scoop for foreign matter. Check secunty of carburetor and

mtake plpe nuts, Check for loose or dlsconnected pnmer lmes

Check fuel gage to make sure tanks are full. Check 'operation of fuel
and booster pumps. Repair or replnce pumps, if necessary.

To increase pressure, turn. ad;ustment screw on fuel pump to nght,
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Section ¥V
Paragraphs 5—32 to 5-3§

5-32. FUEL SYSTEM, Cont'd.
CAUSES

Sticking valves.

Broken valve springs.

Worn or broken pistonrings, cracked pis-
ton or cylinder head.

Excess carbon in cylinder head.

5-~33. IGNITION SYSTEM,

TM 1.2R-R985.2

(Loss of Power)
REMEDIES -
ENGINE ~ (loss of Power)

Lubricate sticking valve. Replace cylinder, if necessary. Refer to pages 97
through 101.

Install new springs.

Locate compression test. Replace cylinder assembly, if necessary. Refer
to pages 97 through 101. g

Replace piston and cylinder assembly. Refer to pages 97 and 98.

(Engine Stops)

. WARNING I

If an engine cuts out or stops for no apparent reason, the cause may be any of the
more common troubles listed in this section. If, however, the engine that has suddenly
stopped can be started again and runs normally, every effort should be made before
flight to ascertain the reason for the engine’s stopping. In such cases, there is grave
danger that the trouble, while appearing momentary and of little consequence to the
mechanic, may recur later, causmg fallure in the air.

Short circuit.

Examme all ignition wiring, especmlly switch wiring on instrument
panel and magneto distributor high-teasion wires. Look for moisture or
corrosion. Check all wires for security even though they appear to be

' - making good conacss.

5-34. FUEL AND INDUCTION SYSTEM.

Qut of fuel,

Fuel lines obstructed.

/ (Engine Stops)

‘Determine fuel supply both by _inspecting gages and checkmg tanks.
~Chedk fuel cocks for “On” position. :

A plece of rag or other forengn matter may be floating in the fuel tank
to act as a stopper every time it floats by and is sucked against the fuel-

- supply line. Disconnect gas line at the carburetor to see if gas flow is

Vapor lock in fuel lines.

Carburetor jets restricted.

adequate. Any piping suspected of being even partially obstructed should
be removed and blown out with compressed air.

See that air vents in gasoline tanks are unobstructed. Fuel lines inay be
cleared by disconnecting the main supply line-at the carburetor and
pumping out some of the gasoline.

If possible, jets should be removed carefully and blown out with air

o pressure. If idling jets are pardally restricted, engine will miss or cut

. . miss or fail to.obtain. rpm.

"~ 5-35. ENGINE.

Structural failure.

out at Jow rpm. When the trouble is in the main ]ets the engme will

o ,.—_-15n§iﬁo“ ‘Stops)-

E Engme structural failures rarely develop slowly. If it is suspected that

. internal parts have brokesi, the engine should be allowed to cool .and
- should then be turned over slowly by hand. Any unusual noise, stiffness,

International AeroTech Academy For TrainingF

or lack of compression ‘may in uate major internal failure requiring
overhaul. :
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5-36. IGNITION SYSTEM.
CAUSES
Improper spark advance setting.

Defective sparkplugs.

Defective sparkplug lead connectors.
Moisture or oil in magneto distributor.

Grounded manifold or lead from mag-
neto ground connection to cockpit switch
grouadced.

Magneto incorrectly timed to engine.
Dirty, burned or pitted breaker points.

Dielectric failure.

Defective ignition manifold; broken or
shorted primary leads; loose connection
in distributor block.

5-37. FUEL AND INDUCTION SYSTEM.

lncorrcétly adjhstcd carburetor control
linkage. -

Incorrect carburesor idle adjustment.
Air leaks or restrictions in induction
system.

"“Excessive fuel pressure.
Internal carburetor trouble.
Clogged fuel lines.
Accelerating pump f;aulty.

5-3& PROPEI.I.ER.

Pro_peller not trar:kmg evenly
Propeller out of balance.

Sludge in the dome.

" International AeroTech Academy: For Training Purpose O

" Locate clogged lines, remove, clean, and reinstall.

TM 1-2R-R985-2 Section V
Paragraphs 5-36 to 5-38

(lmproper ldling)
REMEDIES -

Check spark advance setting. Refer to pages 85 and 86.

Determine whether front or rear plugs are defective by magneto check.
If necessary, remove the defective plugs and replace them with new or
reconditioned plugs. Refer to pages 88 and 89,

Clean dirty connectors with a clean dry cloth. If necessary, dry clean-
ing solvent (Specification P-S-661) may be used for cleaning. Replace
damaged connectors. Replace ¢ompound as directed on page 89,

Clean distributor rotors with dry cleaning solvent (Specification
P-S-661), using clean cloth. Wipe clean with dry cloth. Check vent
lines and screen for foreign matter.

Check wiring between ground connection and switch.

Check magneto timing. Refer to page 85.
Clean dirty points. Replace points badly pitted or burned.

Check distributor fingers, covers and bases for carbon tracks orbura-
ing. Replace parts as required.

Check conunuxty, replace defective lead or manifold assembly. Tlghu:n
connecuons

(Improper Idling)

Adjust linkage so that movement ‘of cockpit controls results in- corre-

sponding movement of throttle and mixture control levers.

Adjust carburetor idle mixture. Refer to éage 87.

Ci:ECk ‘secutity of ducts, carburetor, and intake pipes; check main air
scoop for restrictions; check air induction by-pass valve for operation;

replace malfunctioning valve; tighten ducts and remove obstmcuons
Check for loose or dxscounected primer lines.

To decrease pressure, turp adjustment screw on fuel pump to "kft.

Replace carburetor. Refer to page 106.

Replace carburetor. Refer to page 106.

.{‘!mpr.o‘pot Idling) .~
Replace propelier. | |
Repince propeller. '

If the condition is not corrected by. mu*mg propeller control from full -
INCREASE RPM to full DECREASE RPM several times, with engine |
runnidg and oil hot, remove propellcr dome and clean it out thoroughly "
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Section V
Paragraphs 5—38 to 5-40

5-38. PROPELLER, Cont'd.
CAUSES

T™ 1-2R-R985-2

(Improper Idling)
REMEDIES
Note

A rough propeller may cause excessive vibration. When this condition is due to the
propeller itself, the cause usually lies in the blades and not in the propeller blade

operating mechanism.
Scarred or damaged blades.

Blades out of track or not all set at same
angle.

Loose propeller shaft nut.

Malfunctioning engine.

Visually inspect blades for damage. Repair or replace damaged parts

Check blades for correct tracking, Check blade angle at correct stanon
Set blades at correct angle. :

Remove propeller and examine all parts for damage. Check engine thrus
bearing nut for correct torque. Tighten shaft nut to proper torque.

Test engine with propeller assembly of the same type which has beet
taken off an airplane that is operating correctly. If roughness still exist:
after testing with substitute propeller, check engine for proper operation

Note

“Hunting” is defined as a steady oscillation of rpm above a desired speed.
“Surging” is an oscillation similar to "huntnng. except that is range becomes less
with each cycle and finally dies out.

5-39. ENGINE.

Improper valve clearances.

, | Sticking valves.

'\ Broken valve springs.

Worn or sticking piston rings, cracked
pistons or cylinder heads.

Cold engine

5—40. IGNITION SYSTEM.

Improper spark advance setting.
‘Defective sparkplugs.

Defective sparkplug lead connectors.

Moisture or oil in magneto and/or
distributor.

~Ground ‘manifold ‘or-lead from riagneio

ground connection to cockpit switch
grounded.

" Magneto incorrectly timed to engine,

Dirty, burned or pitted breaker points.
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" Check spatk advance semng Refer to page 85.

T B

(Improper Idling)
Adjust valve clearance. Refer to pages 81 and 82.

Lubricate sticking valves. Replace piston and cylmder assembly, i

necessary. Refer to pages 97 through 101

Install new springs. Refer to page 103

Locate by compression check. Replace piston and cylxnder as descrxbed
on pages 97 through 101,

Aliow engine »to_warm up before attempdng to idle engine.

(lﬁproper Acceleration)

" Determine whether front or rear plugs are defective by magneto check.

Remove the plugs and replace them with new or reconstructed plugs, _
Refer to pages 88 and 89,

Clean dirty connectors witha clean dry cloth. Replace damaged connec-

. tors. 1f necessary, dry cleaning solvent (Specification P-5-661) may

be used for cleaning. Replace compound as directed on page 89.:

Clean distributor rotors with dry cleaning solvent (Specification
P-S-661) using clean cloth. Wipe clean with dry cloth. Check vent

- lines.and screen for foreign.natter. Wipe breaker compartment, block,

and.bowl with a-clean. dry.¢loth, o
Check ‘wiring - betwee-ground-connection and switch, S

Check :ﬁﬁgneto timing. Refer to pages 85 and 86.

' Clean dirty points. Replace pomts badly pitted or burned. Refer to page
- 84,
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5-40. IGNITION SYSTEM, Cont'd.
CAUSES

Dielectric failure.

.Defective ignition manifold; broken or

shorted primary leads; loose connection
in distributor block.

5-41. FUEL AND INDUCTION SYSTEM.

Incorrect idle adjustment.

Insufficient fuel pressure.

Malfunctioning fuel boost pump.

Accelerating pump faulty.

Fluctuating fuel pressure.

Internal carburetor trouble.

Air leaks or restrictions.

Mixtures too lean in cruising range.

Incorrectly adjusted carburetor contral
linkage.

Ruptured balance diaphragm in fuel .

pump.

5-42. PROPELLER.

Sludge in the dome.

Section V

T™ 1.2R-R985-2 .
Paragraphs 540 to 5—43

(Improper Acceleration)
REMEDIES -

Check distributor fingers, covers and bases for carbon tracks. Replace
parts as required.

Check continuity; replace defective lead or manifold assembly, Tighten
connections.

(Improper Acceleratios)

Check and adjust idle mixture and idle sixed. Refer to page 87,

Check fuel pressure gage to ensure that pressure drop is not caused by
a temporary drop-off owing to increased demand for fuel. Check grade
of fuel; fill tank with recommended grade of fuel, tf necessary. Refer to

page 25.
Replace fuel boost pump.

Check for disconnected linkage to accelerating pump. If pump is
intemally defective, replace carburetor.

Check fuel gage to make sure tanks are full. Check operation of fuel
and booster pumps. Repair or replace pumps, if necessary.

Replace carburetor. Refer to page 106.

Check air scoop for foreign matter. Check security of carburetor and
intake pipe nuts.

'Enginé will not accelerate properly to any given RPM if the mixture

at that RPM is too lean for satisfactory operation.

Adjust linkage so that movement of cockpit controls results in corre-
sponding movement of throttle and mixture control levers.

Replace fuel pump.

... (improper Acceleration)

If the condition is not corrected by moving propeller control from full
INCREASE RPM to full DECREASE RPM several times, with engine
running and oil hot, remove propeller dome and clean it out thoroughly.

Note

"Hunnng” is defined as a steady oscillation of rpm above a desired speed
“Surging™ is an oseillation similar to “hunting,” except that its range becomes less
with each cycle and finally dies out.

5-43. ENGINE.

Improper valve clearance.
Sticking valves.

.Broken valve springs.
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(Improper Accelernﬁon)

Adjust valve clearance Refer to page Bl and 82.

Lubricate suckmg valves. Replace cyimder, if necessary.

Install new springs. Refer to page"ﬁﬂ?».‘ ,
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w--- that-is by-passed to the engine driven pump inlet.

Section V T™ 1-2R-R985-2
Porogrophs 5—43 to 5—-47

5-43. ENGINE, Cont'd. : V (Improper Acceleration)
CAUSES REMEDIES T
Worn or broken piston rings, cracked Locate by compression test. Replace piston and cylinder assembly, if
piston on cylinder head. necessary. Refer to pages 97 through 101.
5-44. FUEL AND INDUCTION SYSTEM. (Lean Mixture)
Clogged fuel lines. Locate clogged lines, remove, clean, and reinstall.
Accelerating pump faulty. Replace carburetor.
Fuel leaks, © - Check lines, connections, joints and cl\amps.
Internal carburetor trouble. Replace carburetor. Refer to page 106.
Faulty fuel strainer. ' Inspect and clean strainer, Refer to page 105.
Insufficient fuel pressure. To increase pressure, turn adjustment screw on fuel pump to right;

replace pump, if necessary.

Vapor in fuel system. ‘ Remove vent plug from carburetor and operate pump until fuel spurts
from vent; then replace plug.

Air leaks or restrictions, - Check: air scoop for foreign matter. Check security of carburetor and
intake pipe nuts. Check for loose or disconnected primer lines:

5—45. FUEL AND INDUCTION SYSTEM. (Rich Mixture)
Accelerating pump faulty. - Replace carburetor.
Excessive fuel pressure. To decrease pressure, turn adjustment screw on fuel pump to left.
Internal carburetor trouble. Replace carburetor. Refer to page 106. ‘

Improper jets installed or jets not tight. Remove carburetor for overhaul,

5-46. LUBRICATION SYSTEM. ' . ~ {Low Oil Pressure)
5-47. |MPORTANCE OF PROPER MAINTENANCE FOR ENGINE OPERA'ﬂON.

No other poruon of the power plant system is more vital to the satisfactory operation ot the engine than the lubri-
cation system. It should furnish an adequate supply of clean, solid oil to the engine at the proper temperature and
pressure for all conditions of operanon A stoppage of oil flow to the engine will result in seizure of the bearmgs and
probably progressive failure in all major parts.

NOMENCLATURE. .
1. “Adequate Supply’ implies ample storage sp5¢‘ and minimum restriction to flow.
2, “solid 0il” implieselimination of eritra‘ppedA air, .
3. *Clean Oil” implies elimination of solid matter which would be detrimental to the operation of the engine.

4. “Proper Temperature” involves temperature regulation which is obtained by the use of a regnlatmg valve
and cooling radiators,

5. “Adequate Pressure” at the pump inlet is normally obtained by a compensating valve whtch controls the oil

R

A separate comp[ete -systeny shoiild be- prowded for e-adr-engme and -also a. complete mdependent system “for any
accessory units or other installation items that require a cxrculatmg oil supply.

Note :
Oil pressure will change with varying engine speeds and onl temperature Due
allowance, therefore, should be made for pressure drop to be expected at increased
temperatures. Engine should be immediately stopped, if no pressure or sudden and .
unexplained drop in pressure is indicated-on pressure gage.
International AeroTech Academy For Tralmng Purpose Only
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% TM 1-2R.R985.2 Section V
Paragraph 547
l . 5-47. IMPORTANCE OF PROPER MAINTENANCE FOR ENGINE OPERATION, Cont'd.

s CAUSES REMEDIES

Defective oil pressure gage, transmitter Repair or replace gage, transmitter or indicator and source of power.
or indicator. '

L

Diluted, contaminated, or inadequate oil Drain engine and tank. Refill with lubricating oil (Specification
supply. MIL-L-6082, grade 1100) (100 S.U.S, at 210°F.),

Note

Contaminated oil is one of an engine’s most dangerous enemies. It fouls piston
rings, accelerates carbon formation, changes oil viscosity, and restricts —or even
closes — oil lines, leading ultimately to engine failure. It is brought about by the
presence of air, moisture, partially burned fuel, soot, fuel dilutign, carbon, and
other solid contaminants which may form a destructive emulsion when subjected
to heat. Once started, its development is malignant. Low manifold pressure, high
rpm operation with dirty oil have a deleterious effect on masterod bearings and
produce exhaust valve guide wear and high rockerbox temperature.

Obstruction in main oil tank. Drain oil and clean tank.
Obstruction or leaks in oil lines. Check oil lines, remove obstructions, and repair leaks. Replace cooler, if
necessary.
Clogged main oil strainer. Remove and clean strainer as directed on page 105.
Note

Periodic cleaning of the oil strainers and an intelligent observance of their accumu-
lations and the condition of the oil as to its ccntamination are necessary for good
maintenance. If the oil is at all gritty, it makes a good material for grinding away
surfaces that are rubbing. When the strainers are reinstalled, it is necessary to make
certain that they are seated properly If they are not seated thus, the dirty oil w:ll
get by the strainer. ,

Excessive oil dilation. ’ Drain oil from engine and oil system. Check -operation- of oil dilution

valve. Inspect valve seat for cleanliness. Replace with lubricating
oil (Specification MIL-L-6082, grade 1100)(100 S.U.S. at 210°F. )

Leaking oil dilution valve. Check oil dilution valve for leaks. Repair or replace,. if necessary.

Note
Oil d:lunon, and pamcularly over-dilution, loosens a great zleal of anchored sludge ‘ -
and puts it into circulation, often to such an extent that oil screens become clogged
and cause the oil screen by-pass valve to open, thus supplying the- engine with
unscreened dlrty oil. Leaking oil dilution valves produce the same trouble and may
also add spewing to the problems.

Improper operatlon of oil pressure relief Remove any foreign material and check seating of valve. Check valve

valve, - spring. Replace spring of insufficient or excessive pressure or length.
Defective oil pump. . Clean pump and leaking seals. Replace pump, if necessary. -
Internal engine trouble. Check main oil screen and main sump for metal pamcles Refer to

A : ‘page 105. Replace engine, if necessary.
Low outside temperature. In very cold weather the oil may become congealed in the suction line .

- from the oil tank, preventing the oil from reaching the pump in suff-
‘cient quantity. Check by lower rpm.

- Foaming in-il ‘supply .tank. el Foammg oil should be dramed and replaced wlth fresh oxl Draxn water )
S : from sumps, ,

Note.
Foaming is a frequent cause of fluctuating oil pressure and loss of pressure. While
the presence of air in the scavenge line is normal, there should be little or no foam in
the supply tank. The return line should be = ranged to permit only a minimum of
splashing in-the tank and allow air which may be trapped- to separate from the oil
as readily as possible. s :
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Section Y T™ 1.2R-R985-2
Paragraphs 5-47 to 548

5-47. IMPORTANCE OF PROPER MAINTENANCE FOR ENGINE OPERATION Cont’d.
CAUSES REMEDIES

b AN £

Qil pressure pump not primed. Disconnect the oil suction line and #1l the pump with oil. Air may some-
simes become trapped within the pump and relief valve mechanism.
Removing and reinstalling the relief valve may eliminate the air lock.

High oil temperature. With high temperature the viscosity is decreased, causing pressure to
drop. Check operation of oil cooler and temperature of oil. A con-
gealed cooler requires closing of the air fiow control to thaw out.

; Defective oil temperature gage. Replace oil temperature gage.
Clogged or leaky oil line. Clean or replace; tighten connections. |
Improper operation of oil cooler. Check ﬂap operation; check thermostat and/or flap actuator.
| Note

For proper cleamng of oil coolers the cleaning fluid should be heated 10 250°F.
for flushing, and not used at room temperature. If used at room temperature, poor
viscosity and flushing characterissics will result, with probable deposits of carbon
and metal chips.

AC instrument circuit breaker out. Reset circuit breaker. ,
: Low pressure or head of oil altitude. Check pressurizing system of oif tank. Check oil level.
CAUTION |

It metal particles of appreciable size or quantity are found in the oil-pressure screen
or in the main oil sump, the cause must be determined before there is further opera-
tion of the engine. If low oil pressure persists despite correction or nonexistence of

- -the above conditions, partial or complete disassembly of the engine ‘may be necessary .
to detect and rectify the condition. Bushmgs, bearings, oil seal rings, and shafts
should be checked for tightness- and ﬁt : «

Defective indicator or wiring. : Replace engine gage unit or wiring as necessary.

Cold oil. - h Allow engine to warm up.

Automatic oil temperature control unit - Replace or repair unit.
not operating.

Qil cooler sludged or clogged. Clean or replace oil cooler.

Insufficient oil supply (loose hoses). Tighten or replace connections.

Insufficient oil. o Fill oil tank. Refer to page 25..

lmproper vensing of oil system. See tl)at breather and vent in oil tank are open.

Diluted or contaminated oil. Drain oil from engine and tank and refill with speaﬁed oil.

Refer to page 25.
5-48. LUBRICATION SYSTEM. ‘ : (Total Loss of' Oil Pressure)

- -Obstructions, breaks, or leaks in oil lines: Check il lines;*remove obstruetions, and repauz.leaks or,,bx:eaks Replace .
‘ “cooler, if necessaty.

Improper operation of oil pressure relief Remove any forelgn material and check seatmg of valve Check valve
valve. spring. Replace- spring, if necessary.

Defective oil pressure gage, transmitter, Repair or replace gage, ﬂansmmer, or indicator.
or indicator. : '

Defective. oil pump, Clean pump and scplace leaklng seals. Replace pump, if necessary.
64
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TM 1-2R-R985-2 Saction V
Parogrophs 5—48 to 549

3-48. LUBRICATION SYSTEM, Cont'd. {Yotal Loss of Oil Pressure)
CAUSES REMEDIES -

Diluted, contaminated, or inadequate oil Drain engine and tank. Refill with recommended oil. Refer to page 25.
supply. a

Excessive oil dilution. Check dilution solenoid valve operation. Replace oil in engine and in
oil system. If oil dilution solenoid valve leaks, replace.

Note

Foaming of the oil is & frequent cause of fluctuating oil pressure and loss of
pressure. Air is normally present in the scavenged oil. The scavenged oil from the
engine should be directed into the supply tank in such s manner 23 to produce a
minimum of splashing. Any method to aid in separating the scavenged oil and air is
desirable. Lack of proper venting will permit excessive foaming. Examnine vent lines,
Water in the oil will aggravate foaming. When foaming occurs, the oil should be
removed from the system and replaced with fresh oil.

Damaged oil intake lines or gage lines.  Inspect lines and fittings for damage.

Collapsed lines. * Repair or replace lines.
Air lock in take line, o Prime line; preoil engine.
Oil spewing or excessive breathing. Scavenge pump trouble; excessive blowby due to damaged piston or
: ~ rings. .,
5—49. ENGINE. _ - (Excessive Ol Consumption)
Worn Piston rings. = Return engine for overhaul. .
Burned or scored pistons. Return engine for overhaul.
Defective impeller shaft oil seal. Return cﬁgine for overhaul. -

Excessive wear 10 internal parts of the Return engine for overhaul,
engine: R

Loose connections or broken lines. Replace broken lines and tightea connections,
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Section V T™ 1-2R-R985-2

Paragraph 550
5-50. SUMMARY: MOST coMmb‘n CAUSES OF TROUBLES.

Engine malfunctioning can in most cases be prevented by a systematic and thorough. periodical inspection of
those parts which, if neglected, have invariably proved to be recurrent sources of trouble. Below is a sum-
mary list of these critical parts for a rapid final check.

IGNITION SYSTEM

FUEL SYSTEM

LUBRICATION SYSTEM

ENGINE AND NACELL

. Breaker points

1. Carburetor

—

. Oil Strainer and Sump

1. Vilves
Improper Clearant

Dirty Strainer clogged Metal particles
Burned Leaky lines Clogged Broken Springs
Pitted Incorsect idle : Sticking
Oily adjustment
Primer solenoid \
defecaive
. Condenser 2. Accelerasing pump 2. Oil Supply 2. Piston Rings
Shorted Diluted Worn
Open Contaminated Sticking
Burst Inadequate
. Distributor Brushes 3. Gages 3. Oil pressure gage 3. Cracked piston
and Segments 5
Worn
Burned
Dirty
. Wiring 4. Pumps 4, Lines and tank 4. Cylinder head
Loose Obstruction Cracked
Broken Leaks Excessive carbon
Shorted deposits -
. Looéq Connectors s. Oil Cooler 8. Air ducts
Loose

. Sparkplugs

Wet, Fouled

Gap Setting Incorrect
Insulation (cracked)
Gaskets

6. Oil diluson valve

6. Mounting brackets
Loose

. Timing
Retarded
Advanced

7. Cowling supports
Loose

. Induction Vibrator
Defective Unit "~
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6-5. PERIODIC ]NSPECTION SCHEDULE,

SECTION VI

SERVICE INSPECTION AND ASSOCIATED MAINTENANCE

6-~1. GENERAL. .

6—2. The work outlined in this section is a normal
i'um:tlon of the operating orgamzatlons It consists of
pen-dlc inspection, cleaning, §erv1c|ng, lubncatmg, ad-
justing, and such maintenance work as is associated with
_the rouune mspectlon system.

6-3. The nature and condmons of engine opetation de-
termme, to a great extent, the time interval between
penod|c mspectlons, which should be in accordance with

+

the intervals established by the operating organization.
The allowable interval between inspections should not
exceed GO hours. If an engine is new or has just been
overhauled, it should be given a thorough check 15 to
30 hours after installation in the aircraft.

6—4. Ammy personnel will observe 25, 50, 100, and
200 hour inspections. All periodic inspections shall
incorporate the preflight and daily checks.

NATURE - OF INSPECTION ‘ Preflight | Daily | 25 Hour

50 Hour | 100 Hour | 200 Hour REMARKS

6—6. GEN!RM. INSP!CTION.

Disconnect battery and ground plane - 4
élettrically.

o of mountmg.

Inspctt englne data plate for security »

-

Remove sufficient .cowling to inspect
engine section for leaks and failure.

After flight.

ness, and lockwiring.

lnspect engine cowlmg for securlty of 1 Not excessively tight when engine is
attachment. . cold.
Inspect engine section for oil throwing. ' 4

. lnspect engine; m‘i)"mt for ctgcks, tight- ) Interpational AefoTech Academy Dr Train jg Purpose Only

2-6864-¥Z°L WL

99 % 1—9 sydoiBoing
1A UO!DOS

R g e



i
|
JA uoldaes !

NATURE OF INSPECHON Preflight | Daily | 25 Hour | 50 Hour | 100 Hour | 200 Hour REMARKS
Inspect cylinder hold down nuts for » - | Refer to CAUTION at the end of para-
| tightness, T graph 7—70a.
! -’
Inspect cylinders for general condition. B Refer to “Cylinder Fin Breakage,” page
o 101.
Inspect deﬂectors for security and fin EE : V
deannce L : '
Inspect pushrod cover nuts for leakage F I
and lockwinng. ' ‘
Check thermoéouble leads and connec- o V

tions for tightnss. : i

: Inspect exhaust plpmg for cracks and : v | ’ Slip joints should be free, and all con-
L ‘sugns of bumm'g' b : h nections tight.

]nspe« breatl_iér 'sc’freens and clean, if v

necessury. :

Examine all engine control linkages; I | -

remove excess play. Oil joints and bear-
ings, if necessary.

b O 0 J PR

'lnspect for loose num and broken lock- . o N7 Frequently indicated by signs of oil or
wising, o . : _ fuel leakage.
Inspect amsmty pumps for uc““ty of Intdrnational AeroTech Aca Hemy gor Tre ining Purpose Pnly

mounting,
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NATURE OF INSPECTION

Preflight | Daily | 25 Hour | 50 Hour | 100 Hour | 200 Hour REMARKS
Inspect drain | plugs and covers for [ v
proper lockwiring.
Inspect clamps, bonding, tods, and lines. »
Inspect fuel, . oil, and pressure gage At engine change. Anneal copper or
lines for brittleness. brass lines that are brittle.
> Sludge and carbon indicate need for oil

" Inspect oil for sludge and carbon.

change.

Ju
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NATURE OF m;ascnon Preflight | Daily | 25 Hour | 50 Hour | 100 Hour | 200 Hour REMARKS
6-7. LUBRICATION SYSTEM.
Remove oil strainer and inspect for I After ground runup and again after 10

| metal particles.

g CAUTION |

The introduction of gasoline into the engine oil system tends to
loosen carbon-and sludge deposn,s within the system. This carbon
and sludge may collect in the engihe oil strainer in sufficient quan-
tity to cause the strainer to collapse. Therefore, if gasoline is used
to dilute the engine oil during cold weather operation, the engine

-oil strainer must be removed for mspcctlon and cleaning within

an hour or two after the dilution is first used in the season.' This

“inspection and cleaning must be repeated at short mtervals until

sludge and carbon no longer collect.

When it is- necéssary to feather a propeller.on the ground with
the engine 70¢ running, the oil strainer is to be removed prior to

~feathermg and reinstalled after unfeathering in order to prevent

excessive oil pressure resulting from trapped oil above the strainer.

| i

hours flight time of newly installed en-
gines (new or newly overhauled). Also
after every 50-60 hours of flight time.
Examine oil strainer formetal particles
or other foreign matter. If metal chips
are found, they are an indication of
trouble within the engine and further
investigation should be made to discover
their source. In a new installation, the
oil system has not always been entirely
cleaned of metal particles, and it is not
necessarily cause for alarm when parti-
cles appear. If nothing wrong can be dis-
covered after foreign matter has been
found in the oil strainer, the engine
should be given a ground test using
new oil.

-11f the gquantity of metal chips found

after a second ground test is sufficient
to warrant removal of the engine, the
oil tanks and lines should be thoroughly
cleaned and the oil cooler replaced be-
fore a new engine is installed,

H
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NATURE OF INSPECTION

Preflight | Daily | 25 Hour

50 Hour

100 Hour

200 Hour

REMARKS

Change oil |

Normally, aircraft cngine lubricating oil will be changed only
at the time decision is made to extend engine time beyond the
basic time, and at engine change except where some unusual
circumstance such as duct conditions, failure of minor engine
parts, etc., makes it advnsable to change the oil before the

specified time.

lnspect oil cooler for security of mount- v
ing and for obstructlons in the air ip-
take. ;
Inspect all oil lines and connections for v
leaks, dents, cracks, chafing, and se-
curity.
Inspect connections and clamps for gen- i v If clamps have no take-up left, replace
eral condition, . lacatlon, and ughtness hose conections. Hose clamps should
. LS be puiled up snug. Excessive tightening
of the clamps destroys the sealing qual-
ity of the hose causing oil leaks.
.4 Check to see that dtam plugs and cocks - 174
""arc tlght and lockwnred .
6-8. leumdn stsrcm
t ~ [Tcaution
Check ceramic insulation in sparkplugs 1 !
for chipping or cracks. Never disassemble a ceramic plug.
Clean the sputlcplugs with a suitable o
solvent. . -
Check sparkplug gap clearance v Gap = .012” (4 .002” — .001”) |
Give sparkplugs bomb and l&kage 1 : Refer to paragraph 7—45.
tests. Inte nat{onal AefoTech Acadegny For Trainigg Purpose Only
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NATURE OF INSPECTION Preflight | Dally | 25 Hour | 50 Hour | 100 Hour | 200 Hour REMARKS

Replace sparkplu gs. v

lnspcct lgnmon manifold for loose con- >

nections or damaged sparkplug leads,

Check sparkplug lead connectors for I Remove dirt and oil with dry cleaning

presence of oil, diﬂ, cracks, or chips. solvent (Specification P-5-661).

Check magneto ground wires for stcu- v

rity. ;

Clean distributor. blocks and housing Vv Use a cloth dampened with dry clean-

electrodes. = ing solvent (Specification P-S-661).
Wipe with a dry clean cloth. Allow
sufficient time for traces of solvent

L to evaporate before replacing covers.
Examine all dielectric parts for carbon 4
tracks or for cracks. L It:
- .. | Check sparkplug lead elbow nuts for v "~ | Do not tighten excessively.
.tlghtness

Make contmuny and high voltage tests
of ignition system when distributor cov-
ers are removed fof any reason.

&
T S
i

Apply continuity check to ignition manifold, using low voltage test light or buzzer circuit. Check con-
tinuity from distributor block electrode to corresponding sparkplug lead. If an open circuit is found,
replace theldefectlve cable.

Apply high voltage test to ignition manifold to determine electrical leakage Use tester Delco Model
724420. This test should be accomplished with a direct current tester imposing no more than 10,000
volts DC on the manifold assembly.

The electrical resistivity between leads and from any lead to ground should not be less than 100 meg-
ohms and no electrical breakdown should be indicated. Set the tester at 10,000 volts on high resistance.
The microammeter should indicate no more than 50 microamperes leakage, and the breakdown indica-
tor should not flash, If excessive leakage is indicated and cannot be eliminated by cleaning dlstnbutor
block surfaces and sparkplug terminals, replace the defective cable.

Naote

If there is an internal léaf:age in the tester, eliminate it by cleaning insulating surfaces or by
other means prior to conducting this test.

Intérnational AeroTech Academy For Training Purpose Only
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| NATURE OF INSPECTION

Preflight

Daily

25 Hour

.50 Houf

100 Hour

200 Hour

REMARKS

Check starter, "geneiator, and magnetos
for security of mounting and condition.

Inspect breaker points for burning and
pitting. Clean around points, if neces-
sary.

Inspect magnetos for damaged cam fol.
lowers, oiler felts, and weak springs.

Check magneto.timing.

|Refer to paragraph 7-31,

l6~9. FUEL AND INDUCTION SYSTEM

Drain fuel stran;ers and tank drainds.
Inspcct for presence of watet and for-
eign matter, '

Clean all strainers. '_

Inspect carburetor and fuel lmes for

leaks,

Inspect fuel line. suppotts and clamps
for security, chaﬁng, and looseness.

ES VIR VRY

Inspect all fuel lines and connections

| for sharp bends, cracks, leaks, signs of
| abrasion, or mterfetence with other

’pans

\

Inspect all shut-off cocks for leakage in
open and closed positions.

<l

Iaspect throttle and mixture controls
for tightness ahd lockwiring. -

Inspect carburetor attaching nuts for
tightness.

Inspect carbui?@;o; air intake screen.
Clean if nec‘ess'ii'j'?‘

Check operauon of all carburetor con.
trols. Qil movmg patts as required.
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Section VI
Paragraphs 6~10 to 6-24

6—10. PRESTARTING INSTRUCTIONS.

6é—11. GENERAL. Before engine is started the opera-
tor should consult the aircraft manufacturer’s handbook
for the applicable control position checks and specific
ground operating procedures.

6é—12. HYDRAULICKING. During periods of idleness,
residual oil from the power section will flow toward the
lower cylinders, seep past the piston and pistonrings,
then accumulate in the lower combustion chambers.
Likewise, if the engine is overprimed, excess fuel will
flow into the combustion chambers of the lower cylin-
ders, through the inlet valves and intake pipes. With
liquid in the combustion chamber, the original compres-
sion ratio will be raised causing extremely high pressures
to be produced when the piston of a cylinder so affected
is moved toward top center of the compression stroke.
These pressures may be great enough to damage the
cylinder head, piston, or linkrod. In extreme instances
the piston may actually “bottom” against the liquid.
This condition is known as “hydraulicking” the engine.

6—13. Therefore, it is especially important to pull the
propeller through four or five revolutions by hand
before starting an engine. If the propeller cannot be
reached to be pulled through by hand this function may
be performed with the starter. While pulling the engine

:through by hand or with the starter, the operator must

be alert for any sign of the piston being forced against
unusually high compression. This will be evidenced by

& sudden resistance when being pulled through by hand, ..
-~ or by a sudden -slowing down .when the starter is.

engaged. If this condition exists, any further attempt to

rotate the crankshaft will result in'damage to the engine.
-6~14, If liquid lock is suspected, remove the front

sparkplugs. Check for the presence of fuel or oil which
could have caused the lock. If no liquid is found in

-any of the cylinders or exhaust plpes, leave the front

sparkplugs out, and, with the ignition “Off,” crank the
engine through, checking to see whether or not liquid
is spewed from the sparkplug holes. If there is s¥ll no
evidence of any condition which could cause hydraulic

-lock, install the sparkplugs and resume normal start-
“ing procedure. If liquid is found in any of the cylinders,

remove these cylinders and inspect the linksods for dis-
tortion. This may be checked by placing a straightedge

_along the sides of the linkrod in two planes giving

particular attention to the area in the vicinity of the
linkpin hole. Any distortion of the linkrod, however

slight, is cause for removal of the engine. If the linkrods

are found to be free from damage, inspect the piStons,

-~ pistonpins;. cylinders,  and.cylinder . flange. studs..thor- .
- .oughly for evidence of injury..Stud.damage is to be

" suspected if,- when a cylinder is- being removed, the -

- flange nuts are found to be loose. If no abnormal con-
dition is noted, the engine may be reassembled and con-

sidered satisfactory for further service.

6—15. PERSONNEL. Personnel servicing the aircraft
should be cautioned to stand clear when a start is antici-
pated. - -

TM 1-2R-R985-2

6—16. IGNITION SWITCH. The ignmon switch must
be in the “OFF" position at all times, except as the
actual starting procedure may require.

6—17. CARBURETOR HEAT. Carburetor heat should
be in the cold position (OFF).

6é—18. CARBURETOR AIR FILTER, Carburetor air
filter (where applicable) should be in the unfiltered
(OFF) position to prevent damage to these installations
in case of backfires.

6—19. COWL FLAPS. It is essential that the cow! flaps
be fully open during all ground operation.

6—20. OIL COOLER. 'The oil cooler shutters should be
closed to assist in heating the oil during the warm-up
period.

6-21. MIXTURE CONTROL. The mixture control
should be in the idle cut-off position until such time as
required by the following starting procedure.

6—22. FUEL SUPPLY. The fuel supply valve should
not be opened until preparation for starting is made.

6—23. THROTTLE. Consistent starting is dependent to
a great extent on the correct positioning of the throttle.
With the float type carburetor such as used on R-985
series engines, the carburetor furnishes fuel to the
engine only when a definite pressure differential exists
between the idle discharge and the fuel in the float
chamber. With too great a throttle opening this differ-
ential becomes insufficient to produce the necessary flow-
for complete combustion, resulting, in- all probability,
in backﬁrmg A throttle openmg such as- recommended
in the engine stamng instructions should provnde the
proper fuel/air “ratio to obtain good starting under
_various conditions.

6—24. PRIMING For the initial firing charge, needed
to start an engme, fuel must be supplied by the priming
system. The priming system introduces atomized fuel
into the air contained in the primed cylinders. Under
ideal priming condisions a fuel — air mixture of .125 is
thus provided. As the starter tumns the engine through,
more air is introduced into the primed cylinders causing
the_mixture to be leaned out, but before the F/A ratio
reaches the lower limit of combustlon, a spark will
ignite the mixture and a start is accomplished. The actual
amount of priming desirable must be learned by experi-
ence, however, the operator may estimate the required
amount by observing the followmg gages: Free Air
Temperature (temperature of the -air .drawn into the
engine during stamng), Carburetor ‘Air Temperature
~(temnperature ‘of the air in “the duct), Oil Temperature

- - {stiffniess and temperature.of:ihe engine); Cylinder Head

‘Temperature (the amount of heat available in the intake
Jports to vaporize the prime). Excessive priming will load
the cylmders of 2 cold engine with raw fuel, making the
engine difficult’to start. Excessive priming also has 2

tendency to wash the oil off the cylinder walls and may
result in barrel scoring or piston seizure. If the engine
has been overprimed it is essential that fresh -oil- be

74 International AeroTech Academy For Training Purpos?é’ Only
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. hydromatic - propellers. is also
: *raccomphshed, after 3.or 4 minute’s. dxluuon by increas-

T™ 1-2R-R985-2

sprayed on the cylinder walls, through the sparkplug

.holes, before starting. Care should be taken to insure

complete circumferential coverage of the cylinder walls.
Dry cylmders may’ "be indicated by a squeaking, heard
while the engine is being pulled through by hand. Rust-
ing of the piston rings and cylinder walls will occur, if
the engine is allowed to stand for a day or more after
unsuccessful attempts to start. Underpriming is usually
indicated by backfiring of the engine through the intake
system, with attendant hazards. When underpriming is
suspected, additional priming should be done cautiously.

6—25. USE OF OIL DILUTION SYSTEM. Oil dilu-
tion is regulated by an electrically-operated valve which
admits fuel at a rate predetermined to meet the require-
ments of the aircraft involved, when desired, to the’ oil
inlet line of the engine, usually at the "Y"” drain valve,
thereby reducing the viscosity of the oil in the engine

and oil system. Because of substantial differences in the '

specific gravity and viscosity of gasoline as compared
to aviation oil, there is very little tendency for them to
mix when introduced into a common line or tank. How-
ever, if the two fluids, in any proportion, are forcibly
brought together by some type of mechanical agitation,
such as that provided by the oil pressure pump, moving
internal parts, and the oil scavenge pump, a very per-
manent mixture is produced. Once the oil and gasoline
are thoroughly mixed, diluted oil will not separate, if
allowed to stand. Oil dilution installations are usually
accom panied by a hopper-type oil tank which increases
the effectiveness of the dilution by decreasing the amount
of oil in circulation.

6—26. STOPPING. When a cold weather start is antici-
pated, permit the engine to cool by idling until cylinder
temperatures fall below 148°C (300°F), and oil temper-
atures below 50°C (120°I") If the oil tank needs filling,
this should be done prior to starting dilution. With the
engine running at approximately 800 to 1000 rpm, hold
the oil dilution control in the “On” position for a
period varying between 1 and 5 minutes. The proper
length of time is dependent upon the expected tempera-
ture and the grade and amount of oil in the system and
will probably be different for each installation because
of different breather arrangements, oil line sizes and oil
tank- designs. Therefore, it will be necessary for the
operator to consult the manufacturer’s speaﬁc instruc-
tions for the aircraft concerned. Only in very extreme
weather, that is where temperatures go below 0°F, will
there be any necessity for diluting for more than 4 min-
utes. Under such extreme conditions, dxluuon of oil in

ing rpm to 1500 or 1600 rpm and moving the propeller
control to the high pitch position at least three times.
Stop the engine lmmedlate!y at the end of the dilution
penod : -

6-—27. STARTING. A normal. cold engine start, should
be made. Dilution of oil with fuel at the time of the
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previons stop will. permit the starter to turn the engine
at a high rate of speed, and no preheating of the .oil
will be necessary. .

6—28. In extremely cold weather adequate dilution will
prevent oil cooler or oil line failures due to the high
pressure developed by the oil scavenge pump when the
engine is started. However, for conservative operation,
it is desirable to heat the oil lines, the oil cooler, and
accessories at the same time the engine cylinders are
being heated.

6—29. WARM.UP. During the warm-up period, the
gasoline will be gradually evaporated as the temperature
of the oil, engine crankcases, and internal parts increases,
With high dilution and extremely cold weather, it will
be necessary to make the warm-up at a slightly higher
rpm and for a longer period of time than are normally
used.

6—30. If oil in the tank or lines is insufficiently diluted,
flow to the engine pump will be restricted by the high
viscocity of the cold oil. In such cases, it may be noted

. that oil pressure is unsteady or decreases with an increase

in rpm. The oil dilution pracess should be used during
warm-up only if extreme temperature conditions do not

. permit warm-up in the normal manner. Over- dllutlon,

however, can occur, so that oil pressure must be care-
fully watched for unusual fluctation or drop-off during
the remainder of warm-up, ground test, and the take-off.

CAUTION

If for some reason a flight of at least a half
hour’s duration is not made after warm-up,
some gasoline will remain in the circulating oil .
- or iy the oil tank. This is espedally true in

- extremely cold weather. The dilution penod

should thus be shortened when the engine is
shut down.

6—31. FLIGHT. The dilution valve should not be used -

- in flight. A sudden loss or fluctuation of oil pressure

or discharge of oil from the breather during flight can
be caused by a leaking dilution valve. Momentanly turn-
ing the valve on and off may asist in correcting the
difficulty. Satisfactory operation will be restored after
the gasoline has evaporated from the oil. The dilution
valve mechanism should be checked after landing

6—32. In extremely cold weather and when using long A

+ dilution periods befare stopping- the-engine,: the “gasos
- ~{ine-conteat of ‘the: urculatmg oil may become; extremely

high, pamcularly when the caution rnioted above under -
“Warm-up” is not observed. Discharge from the breather -
may occur in this case. Consequently, in extremely cold
weather operation, it is advisable to observe carefully the
engine breather -outlets during, and after, take-off. If &
discharge from the bréather occurs, it can usually. be-

ed’ is reduced to 2000 Tpm or lowtt.
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CAUTION

The introduction of gasoline into the oil sys-
tem tends to Joosen carbon and sludge deposits
within the engine, so the pressure oil strainer
should be removed for inspection and cleaning
1 or 2 hours after the dilution system is first
used in the season. This inspection and clean-
ing must be repeated at short intervals until
sludge and carbon no longer collect.

6—-33. ENGINE STARTING INSTRUCTIONS.

6~34. GENERAL. Ground operaton of an engine
should not be attempted until the aircraft has first been
removed from the hanger. Preparing the -engine for
flight will include starting, warm-up, ground checks and,
in the case of newly installed engines, a complete inspec-
tion of theinstallationafter the first run-up. It is recom-
mended that all ground operation be conducted with the
engine cowling installed since the overall engine cool-
ing is dependent on the airflow across the engine with
cowling installed. While it is possible to maintain cylin-
der head temperatures within limits atc low powers with-
out engine cowling, it is probable that cylinder barrel
temperatures will be exceeded due to the reduced air-
flow. If the barrel temperatures are exceeded the oil film
may be destroyed with resultant ring and cylinder barrel
damage. :

6-35. CONTROL POSITION CHECK

Ignition ... - OH -
Mixture ... ..ol Full rich or
Automatic Rich
Propeller ... .. Counterwelght Type — low
: rpm (high pitch)
Other Controllable Types
— high rpm (low pitch)
Carburetor .. ...l Cold (Off)
Filtered Air ... ... Unfiltered (Off)
Cowl Flaps ............ccccooomric Full Open
Oil Cooler Shutters ...l Closed
Throttle ..., 1/10 to 1/4 Open

6—36. STARTING PROCEDURE.

‘a. Note the manifold pressure gage reading before
starting the engine as a reference for the power and
magneto checks.

b. Pull the propeller through 4 or 5 revoludons by
hand. Always pull the propeller through in the direction
of engine rotation. Do not back up the propeller as this
may force fluid through the intake valves and allow for
the possibility of ﬂuld lock when engme is started

¢; Fuel Supply

! WARNING' ]

Do not operate the throttle before the engine
stares to fire. The fuel thus discharged from
the accelerating pump may settle in the air
intake, with the possibility of catching fire
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should the engine backfire as it starts.

d. Auxiliary fuel pump; build up fuel pressure
not to exceed 3 psi. Pressure in excess of 3 psi may flood
the carburetor.

e. Energize starter (if inertia type).

f. Prime.

Move mixture control to Full Lean or ldle Cut-
" off.

Move throttle back and forth rhrough its full

travel, C-2 strokes for a warm engine, 3-4 strokes

for a cold engine.

Return mixture control to Full Rich or Auto-

matic Rich.

Raise fuel pressure to 3 psi momentarily.

g lgnition — If using inertia starter, igniton on
Botk; if using direct cranking starter, ignicion Off; then
switch to Botb after one revolution of the crankshaft.

h. Engage starter (If manually controlled, close
booster switch simultanenusly).

i After engine fires, adjust engine speed to 500-600
rpm, watching for oil pressure rise.

%

CAUTION

If oil pressure does not register on gage almost
immediately, STOP engine.

j- Move propeller control to high rpm (low pitch)
for 2-position and constant speed propellers (counter-

weight type).
k. Adjust the heat control to maintain 90°F (32°C)A

~ carburetor air temperature.

1 Adjust to 1000 rpm. :
. If a start is not completed almost immediately,
reprrme and repeat sarting procedure.

- Note
If the enngine does not start after two or three
- ‘attempts, an investigation should be made to

. ascertain the cause,

' 6—37. WARM-UP.

" Carburetor heat

Control Position Check

Mixture ... .. e Full rich ,

.................... To maintain 32°C (90°F)
- carburetor air temperature

Filtered air:.................. As needed

Cowl flaps ............c........ Full open

Oil cooler shutters ............... Closed

Propeller ... High tpm (low pltch)
Throttle ... .. ..1000 rpm

6-38. SPECIFIC GROUND CHECKS. -

- 6—39.: The:following- ground -checks-must .not..be_made.

},

-until the oil-in temperature is at Jeast-40°C .(1005F).

“Make the checks with carburetor- heat in -the “¢old
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6—40. IGNITION SAFETY CHECKS.

6—41. Perform this check during warm-up. Switch i lgm-
tion from Botb to Right and back to Both. Switch rgm-
tion from Botb to Left and back to Both. Switch i lgnmon
) Oﬂ momentarily and back to Both. :

TN, 2 -
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6—42. A slight drop in rpm when operating on each
separase magneto, and complete cutting out at Off posi-
tion indicates proper connection of the ignition leads so
that higher powers may be safely imposed.

Note

The following tests must be made with a mini-
mum oil-inlet temperature of at least 40°C
(100°F) and with carburetor heat control in
cold position.

6—43. PROPELLER GOVERNOR CHECK. Check pro-
peller governor according to propeller manufacturer’s
recommendations.

CAUTION

Testing of the feathering action of the propel-
ler is not recommended by the propeller manu-
facturer when the engine is moperatwe, but in
some installadons this test is possible. If the
feathering switch is held on after the propeller
is completely unfeathered, high pressure oil
will be discharged into the engine oil system
through the propeller dome pressure relief
valve. Since there is no engine oil pressure in
the pressure oil strainer chamber when the
engine is inoperative, pressure from the feather-
ing pump against the top of pressure oil.
strainer -assembly may cause the strainer to
collapse. Therefore, if feathering action of a
hydromatic propeller is tested, remove the
pressure oil strainer from the engme before
the test is made. When the test is completed,

remove the sump drain plug (front sump

Plus)

6—44. POWER CHECK.

6—45. Open the throttle until the manifold pressure is
equal to the field barometric pressure (indicated by the
manifold pressure gage reading before the engme is

_ started).
6—46. The rpm obtained should be approximately 2000

rpm, depending on the low pitch setting of the pro-
peller. Variadon in aldtude of various fields will not
change the rpm that will result when opening the
throttle to the manifold pressure equal to the field
barometric pressure.

6—47. If the approximate rpm cannot be obtained when |

. performing.the above check, an investigation should be

e power.
6—48. MAGNETO CHECK.

6—49. Make magneto checks at manifold pressure equal
to field barometric pressure; Switch ignition from Both
to Right and back to Both. Switch xgmtlon from Both
to Left and back to Botb. :
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6—50. Normal drop-off in either Rxgbt or Left position
is 50 to 75 rpm. Maximum drop-off in either Right or
Left position should not exceed 100 rpm.. -Maximum dif-
ference in drop-off between Righ? and Left position
should not exceed 40 rpm.

6-51. INSTRUMENT READINGS.

6—52. Check oil pressure, oil temperature, fuel pressure
and other items at manifold pressure equal to field baro-
metric pressure, propeller in low pitch (high rpm).

6-53. CYLINDER HEAD TEMPERATURE.

6-54. Do not exceed 232°C (450°F) cylinder head tem-
perature during ground operation.

6—55. OIL PRESSURE ADJUSTMENT.

6—56. Desired adjussment at manifold
pressure equal to field barometric
pressure and with 60°C (140°F) oil

inlet temperature ................ .. .75 to 85 psi.

6-57. FUEL PRESSURE ADJUSTMENT.

6—58. Desired 'fuel pump adjustment at
maaifold pressure equal to field baro-

metric pressure .. 5 %= 1 psi.

6-59. OIL PRESSURE LIMITS.
Psi
Minimum at 2300 rpm ... ... ... ... .. ... 70
Maximum at 2300 fpm .. e 90
Minimum at2000 rpm . . ... .. ... 60
Desired at 2000 rpm . RPN
Minimum at 1400 to 1800 rpm PR —
Minimum atidle ... ..o e 10

6—60. OIL TEMPERATURE LIMITS. C° ¥F°

Minimum for Ground Test ........................ 40 104TR
Maximum for Ground Test ....................... 85 185
Migimum for take-off and flight ............. 40 104
Maximum, level flight ... .. ... 85 185
Maximum, climb ... . 85 185
6—61. FUEL PRESSURE LIMITS. :
Maximum ........ et e et s nreneen . B
Desired ......... ‘ ‘

Minimum ... ' ' '

IDLING MIXTURE
STRENGTH CHECK (450 rpm). Move the mixture
control slowly toward 1dle Csut-off, manually adjusting

. - 10-gbtain best. power mixture..Observe. the.rise.or fall in
' .made to determine the cause for the. apparent "loss’ of s

rpin-and/or-manifold pressure.” This . should .oécur. at a

- point approximately 3; to 3; of - the -quadrant travel -

from the Rich positon. Read instruments. Move the con-
trol back into Rich posi:ion before the engine stops. If
the idling adjustument is properly set at the recommended
rpm, there will be an increase of not more than 10 rpm,
and a correspondmg drop as the control is mov ed back
to Rxch : ‘

n
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6—63. This check should be made in relatively still air
and with cylinder head temperatures at stabilized idling
temperature. A strong wind or abnormal cylinder head
temperatures affect the rpm change. Refer to paragraph
7-—32 for specific adjustment instructions.

6—54. ENGINE EQUIPMENT OR ACCESSORIES
CHECK.

6—65. Consult the Airplane Manufacturer's Handbook

for instructions. .

6—66. STOPPING.

6—67. 1f a cold weather start is anticipated, refer to para-
graph 6-25 for a general description of the system, and
to the airplane manufacturer’s insscuctions for the speci-
fic dilution procedure to be used.

TM 1.2R-R985-2

a. Idle until cylinder head temperature is .less than
204°C. .

b. If Hamilton Standard counterweight propeller is
used, shift propeller control to low rpm.

c. Move mixture control to idle cut-off or full lean.

d. When engine stops, turn ignition off.

e. Turn fuel selector off. ‘

6—68. After stopping, leave cowl flaps wide open for
15 minutes. If idle cut-off or full-lean does not stop
engine:

a. Close throttle.

b. Turn ignition off.

c. Slowly open throttle,

SECTION VI

ADJUSTMENT, REPLACEMENT, AND MINOR REPAIR

7-1. GENERAL,

7—2. The work outlined in this section can be per-
formed without the facilities usually available at major
overhaul activities.

7—3. These instructions are written with the understand-

" ing that all lockwiring; cotterpins, palnuts, nuts, washers,
bolts, and screws will be removed where necessary in
dlsassembly procedures and that new gaskets, packings, .

cotterpins, and lockwire will be installed at assembly.
Fiber insert nuts and palnuts may be continued in service
as long as they are free from muulanon and provide an
effective lock.

7—4. The surfaces of all ‘engine parts which are subject
to friction should be coated with oil or other suitable
lubricants prior .to their assembly to the engine.

7—5. Care should be taken to prevent dirt, dust, or
other foreign matter from entering the engine. Suitable
plugs and _covérings should be used over all openings
in the engine.”

7—6. When other engine parts interfere with the

removal of a single part, the procedure for removing
them can be found under their individual headings in
the following text. For information about other inter-
fering parss peculiar to the parsicular installation, the
applicable aircraft manufacturers’ handbook should be

-~ -consulted: .
7—7. Refer to- Section VIII for a numencnlly chaned_i*

tool list, and to paragraph 7—-110 for the torque recom-
mendations required in servicing the R-985 engine.
7-8. LOCXWIRING.

7—9. PRELIMINARY INFORMATION.

7—10. This section, outlining the fundamental princi-
ples and practical application of lockwiring, has -been

prepared for the guidance of personnel responsible for
the assembling and overhauling of these engines. Because
of the many theories existing as to how lockwire should
be installed, it is believed that a standardized procedure,
“incorporating the best methods, is desirable. The methods

_-chosen were selected for thelr eﬁ'mency and ease of instal-
- lation. C

~7-11. Lockwiring is the most positive and satisfac:o:y

method of securing in place the various bolts, nuts, cap
screws, and studs which hold together the parss of an
engine and which cannot otherwise be satisfactorily
locked. Generally =speaking, lockvﬁring is the tying
- together of two or. more parts in such a manner that
any tendency of any one part to loosen will automatic-
ally be encountered by the tightening of the wire. Cotter-
pins are usually associated with castellated nuts; how-
ever, if the castellated nut is used on a stud, a cotterpin
would secure the nut to the stud, but would not prevent
-the stud from backing out of the housing. In a case such
as this, the lockwire will act as a cotterpin and if the

* wire is then attached to an adjacent part, the stud also

will be held securely in place.

7—12. There are many conibinations of lockwiring with -
certain basic rules common to all. These rules can be
outlmed as follows:.

- a. Lockwive Must Always Tend to T, :gb!en Jﬂ\e wire

- must be-installéd in such a way that it will zlways toun-

teract any tendéncy of the part to looseti. Tiv other words, -
it must always tend to tighten and keep the patr locked
“in place.

b. Lockwire Must Never Be Oterstressed. Extreme
—caré must be exercised when twisting the wires together
~1d insure that wires are securely tightened, but not stressed,

. #1o the point where they will break under a slight load.
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Figure 7—1. O'Clock Positions

c. Lockwire Must Be Tight When Installed. That is »

most important to prevent vibration with resultant
fatigue and failure, and also to prevent the wire from
rubbing against seme adjacent part, causing wear.

- d. Lockwire Ends Must Always Be Bent Totward The
Engine. This is primarily a safety precaution to guard

against possible . injur) to the hands of the mechanics .

- working on the engine. It is also imperative that the
part or parts to he lockwired are torqued to specifica-

~tions and the holes properly aligned before any attempt
is made to proceed with the lockwiring.

' 7-13. HOLE ALIGNMENT. Check the units to be
lockwired to make sure that they have been correctly
torqued and that the wiring holes are properly posi-
tioned in relation to each other. When there are two
units, the hole in_the first unit should be between the
three and the six o’clock positions and the hole in the
second unit between the nine and twelve o’clock posi-
tions [Figure 7—1]. Positioning the holes in this man-
ner insures that the wiring will have a positive lock-
ing effect on the two units, since the braid will always

exert a tightening pull on both units. Never over torque

or loosen units to obtain proper alignment of the holes.
It should be possible to.align the wiring holes when

* the .units are.torqued .within -the- specxﬁed Jimits. How- - -
ever,.if it is impussible.to obtain-a: properallgnmem of -

the holes without either over or under torqumg, another
unit should be selected which will permit proper ahgn-
ment within the specified torque limis.

7~14. LOCKWIRING PROCEDURE. Bolts will be

used for the purpose of describing the folowing gen- -

eral wiring procedure:
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= To determine the proper wire to be used in :
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Figure 7-2. Inserting Wire

Figure 7--3 Position of Wue After Bendmg

a. Insert wire of the proper gage through the holt
which lies between the three and the six oclock pos:
tions on the bolt head [Figure 7—2].

N ote

conjunction with a particular tightening . op- L
eration, refer to- the Engine Parts Catalog,":f
in which the part number of the wire is lo-
cated with the. number of the part which locks.;v

b. Grasp the left; end of the wire ;he fingers and

- “hend it clockwise around the head of the bolt and undel
the, other- end of ithe - wire . {Figure. 73] ;

¢. Pull the loop very tight all around the head. of the

" bolt with the pliers. Grasp the wire. only at the end in

order not to:mutilate any portion which is to be twisted,
Holding the wire ends apart and keepmg the loop tight
around the. head of the first bolt, twist the wires around

-each orher m a clockwise direction-to form the bral&.

i o e s ot ea e
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Figure 7—4. Twisting Wire

Figure 7—5. Wire Broided

Continue twisting the wires by hand toward the second
bolt until the end of the braid is just short of the sec- -

ond bolt’s hole which fies between the nine .and the
“twelve o’clock pasition [Figure 7—4]. '

d. Make sure that the loop around the’ head of the”
+ first-bolt is still tight-and.in place; then grasp the wires

iri’the -jaws of the -pliers -just beyond the end of ‘h°-~’~:_ -between the  nine..and_the twelve ‘o'elock -positions: on

* braid and; with the braid held taut, twist in a clockwise
direction until the braid is stiff [Figure 7—5].

) Note
Tw:stmg the braid in a clockwise direction has

the effect of securing the foop down around
the head nf the first bolt. The rigidity of the ,
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Figure 7—6. Pulling Braid Taut

F:gure 7—-8 Tw:stmg Wrre Ends

E stlﬁ brmd reduces v1branon and :esultant wear,
Do not overstree the wires by attemptmg to
twist the braid too tightly.

e. After making sure that the brald is not too long
that it cannot be pulled taut between the bolts, insert
~+the end- of ‘the wire ‘which"is- on top-through-the hole

“the second bolt-head. Grasp the end of this wire with
the pliers and pull braid taut [Figure 7—6).

f. Bring the other end of the wire counterclockwise
around the head of the second bolt and under the wire
end ‘which protrudes from the bolt hole [Figure 7—7].

=3 Pull the resulung Ioop tight thh the pliers; then
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Figure 7—9. Ends Twisted

Figure 7—10. Cutting Excess Wire

to keep the wire in place down around the head of the

second bolt, twist the wire eads together in a counter-

- clockwise direction [Figure 7—8].

h. Grasping the ends of the wire beyond the twist °

with the pliers and keeping the wires under tension,
twist them tlght in a counterclockwise direction. With
the final twisting motion of the pliers, bend the twisted
wire ends to the right around the head of second bolt
fFigure 7-9]. -

i. Cut off the excess wire at the ends wrth diagonal

cutters, leaving at least three full twists and avoiding

sharp or projecting ends [Figure 7-10).

-{ caution- |

Do not twist_off the ends of the wires with
pliers.

- 7-15. BASIC TYPES OF LOCKWIRING. Many

separate wiring operations are required, most of which
;'are covered by the seven basic example‘s‘ illustrated
...in Figure 7—11.

T 7416, Examples 1 and-5- lllustrate the . proper methodi '
" of wrrmg bolts, fillister head screws, square head’ plugs,

and similar parts which are wired in pairs.

7—17. Example 2 illustrates the proper method of wir-
ing a bolt or similar part of a castle or slotted nut.

7~-18. Example 3 shows how to wire three or more

units togecher. Note that the braid between the second .

Section VII
Paragraphs 7-14 to 7-22

EXAMPLE | ‘ /

exaveie 2[4
%

/’Jm\ EXAMPLE 3 . '

Figure 7—11. Seven Basic Examples

and third units should be twisted counterclockwise so
that the wire from the hole in the second unit will be
on top of the loop around the second unit to.hold it
down in place. The wire inserted in the lockwire hole
in the third unit should be the lower wire of the braid
and beyond the third unit this wire should be brought
over the other wire to secure the loop. in place arond
the head of the third unit.

7—19. Example 4 illustrates the proper method of wir-
ing studs and castle nuts together.

'7—20. Examples 6 and 7 illustrate the proper method

of wiring a screw or a plug to a fixed point, such as a
lug.
7-21. CHECKS AND ADJUSTMENTS. o
7-22. ADJUSTMENT OF VALVE CLEARANCES.
Adjustment of valve clearances is usually not necessary
during normal periods between overhauls. If an adjust-
ment should becone necwsary, however, pexforrn the
work when the engine is cool. .

a. Remove the rockerbox covers and the front spatk-
plugs of all cylinders.

b. Adjust the valves in the order of cylmder firing
(1-3-5-7-9-2-4-6:8). Rotate the crankshaft, in the normal
direction of rotation until the desired piston is at top

Figure 7-12. Checiring Valve Adjustment
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dead center of its compression stroke (both valves
closed).

c. Loosen the adjusting screw locknut three or four
turns. Insert the .010 inch feeler of R41-G-415 Gage be-
tween the valve stem and the adjusting screw insert
[Figure 7—12). Using PWA-4152 Driver, set the
adjusting screw so that there is a slight drag on the feeler
gage. Lock the screw in this position by tightening the
locknut to the recommended torque.

d. Not more than six threads (14 in.) or fewer than
" three threads (14 in.) of a <alve adjusting screw should
show above the locknut; and there should be a clear-
ance of not less than .031 inch between the outer valve
spring washer and the rocker with the valve just start-
ing to open. If the clearance between the valve spring
washer and- the rocker is less than .031 inch or if more
than six threads on the adjusting screw show above the
locknut, the flat face of one or both of the pushrod
ballend spacers may be ground, or the spacer can be
replaced with a thinner one or eliminated entirely to
obtain the desired clearance. If fewer than one and one-
. half threads of the adjusting screw show above the
locknut, a thicker spacer should be used at one or both
ends of the pushrod. Make all other valve clearance
adjustments in the same manner; then turn the propeller
shaft in the normal direction of rotation two revolu-
tions, and recheck the clearance of the valves which
were adjusted.

! CAUTION {

Changing pushrod length to obtain -correct
adjustment, should be made only when it is
assured that no other discrepancies exist in the
valve gear train, '

e. Install the rockerbox covers and gaskets. Install new
gaskets, otherwise serious oil leakage may result. Tighten
the rockerbox cover nuts to the recommended torque.

7—23. IGNITION SYSTEM [Figure 7—13]. Ignition is
furnished either by two Bosch or two Scintilla magnetos,
located at the rear of the engine. The magnetos seldom
need attention between overhauls, Under normal condi-
tions, the wear or burning of the breaker points offsets

" the wear of the cam follower. However, a faulty con-

denser or the presence of oil or grease on the points may
cause excessive burnmg of the points. Lack of lubrication
may lead to excessive wear of the cam follower. If the
wear at one of these locations exceeds the wear at the
.:-other,.a.change in spark timing will result. If ignition

.. trouble_occurs .and the,.sparkplugs',_leads,, and connector "

are examined and found to be in good condition, the
breaker points should be replaced with a new or recon-
ditioned set and checked for proper timing and synchro-
nization.

o 7-24. BREAKER POINT INSPECTION. If the breaker

point surfaces are fouled with oil or dirt, or are burned
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excessively [Figure 7—14] replacement of the complete
breaker assembly is recommended. In an emergency when
no replacement parts are available, a fouled assembly can
be made serviceable for temporary use by removing it
from the magneto and washing the point surfaces care-
fully using dry cleaning solvent (Specification P-S-661)
or clean unleaded gasoline {Specification VV-G-109)
as a cleaning agent. When this is done, the cleaning
agent must be allowed to completely evaporate before
placing the assembly back in service.

CAUTION |

When inspecting “the breaker points, do not
raise the breaker. main spring beyond a point
giving 1716 inch clearance between the points.
Any further tension on the spring will weaken
it and adversely affect the performance of the
magneto.

7—-25. SCINTILLA MAGNETOS. After the assembly
has thoroughly dried, check the cam follower felt for the
proper amount of oil by squeezing the felt tightly
between the thumb and forefinger. If the fingers are
moistened with oil when this is done, the felt is ade-
quately lubricated and NO more oil should be applied.
If no oil is left on the fingers, the follower felt is too

- dry and should be oiled as follows: Apply one drop of

S. A. E. No. 60 Aircraft engine oil to the bottom felt
pad, and one drop to the upper felt pad. Allow at least

.15 minutes for.the felt to absorb the oil; then blot off

any excess oil with a clean ¢cluth. Reinstall the assembly

* in the magneto and secure it with the two locking screws.
‘The breaker points must now be checked for proper

adjustment (timing and synchronizing).

7-26. BOSCH MAGNETOS. No manual lubrication-of

the cam follower should be required <between rajor -
overhaul periods. The distributor gear shaft is partially

hollow, with the space thus provided acting as an oil

reservoir. When the oil reaches the surface of the gear

shaft it travels through a 'small hole in the cam to .the

surface where it lubricates the contact area between the

cam and follower block.

7—-27. If the breaker pomts are unfit for further service,
the complete breaker point assembly should be replaced,
unless the special tools required to install the breaker

~ points to the breaker plates are available. -

7-28. REMOVAL OF BREAKER PLATE ASSEMBLY
a. Remove breaker cover.:

..b. Remove. the Y. hexagon nut, ,
-c."Remove.the. nmmg collar and copper seahng gasket
d. Disconnect the pnmar\ lead.

. e. Remove the three fastenmg screws which secure the
breaker assembly to the gear housing. The entire breaker
assembly can now be: remoxed

f. Withdraw the {!:Qaker cam, ke}, and copper v«asher '
from the dlstnbutor gear shaft. -
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Figuwe 7—14. Breaker Point Conditions

7—29. INSTALLATION OF BREAKER PLATE
ASSEMBLY.

a. Fish primary lead from breaker assembly through
hole in gear housing assembly.

b. Mount the breaker plate assembly to the gear hous-
ing, with the three fastening screws, lockwashers and
plain washers, finger tight.

c. Slide the copper washer over the distributor gear
shaft, until it rests against the bearing.

d. Mount the cam with woodruﬁ key and copper

gasket on shaft. -

e. Assemble timing collar which fits into cam slots
in one position only, by pressing it into place by hand
until it seats in the slots.

f. Install and tlghten hexagon nut.

g- Secure the primary lead.

h. Turn the propeller shaft and locate firing posmon
as described in paragraph 7—31. At this setting the
breiker points should be startmg to open. Place a
straight edge across the step of trmmg collar [Figure
7—15]; it it must line up with timing marks “T” on
rim or gear housing. If this is not the case, lvosen the
three fastening screws and turn the entire breaker plate
in its slots until the marks do line up, the then tighten the

three screws ﬁrmly Check the breaker point setting at-

this time by inserting a .009 feeler blade between the
pornts Jar the propeller shaft in the ‘direction of rota-
tion until cam follower is on the highest point of No. 1
lobe. The feeler should just become free. If feeler blade
indicate that the breaker point opening is other than
.009 to .010, then ad;ust by loosening screw and moving

-+ contact-bracket. with point, slightly by .means of -eccen-

trically-leaded stud,-until- correct -apeningis. obtained. -

Tighten screw firmly after the adjustment has been
made. -
7-30. BREAKER POINT AD]USTMENT

a. Do not chaiige the adjustment of the breaker points
unless the following check indicates the necessity.

b Rcmov: the front sparkplugs from all qlmders and

International AeroTech'Academy qu -Trainin% Puﬁp‘oé"
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install PWA-3252 Vent Plugs in the sparkplug holes.
Turn the crankshaft, until the piston of No. 1 cylinder
is at the top center of its compression stréke. Remove
the breaker compartment covers of the magneto.

c. Attach the red wires of PWA-2417 Timing Indica-
tor to the breaker pomts of the magneto and ground the
black wire to the engine. Turn the ignition switch in the
cockpit to the “Both” position.

d. Turn the crankshaft opposite the normal direction
of rotation approximately 90 degrees; then turn it in the
normal direction until the lights of the indicator just
flash on. As the lights flash on, the cam of the magneto
should be just beginning to open the breaker points, and
a straightedge should align with 1/32 inch of the tim-
ing mark on the magreto housing. If the straightedge is
not within the 1/32 inch alignment, adjust the breaker
points as follows.

e. With the magneto cam in its proper position to
open the breaker points — that is, with the straightedge
aligned with the timing mark on the magneto housing,
loosen the contact bracket screws on Scintilla magnetos
or, if Bosch magnetos are installed, loosen the breaker
plate screws. Turn the eccentric adjusting screw until the
indicator light just flashes on, indicating that the points
are opening. Tightea the screws.

------
RN

REDDOT
ON CAM
"|INDICATES
NO.! LOBE

STRAIGHT EDGE FuGED ACROSS STEP Of TIMING COLLAR
MUST CCINGIDE WITH TIMING MARKS "T" WHEN CONTACT -
POINTS START TQ OPEN ON NO.| CAR LOBE, THIS WILL
GIVE CORRECT "€ GAP, PERMISS!&LE LiNITS ARE I/SZ ON
EITHER SIDE OF TIMING MARKS T

vFrgg_r_g__?—IS. Checking Bosch Magne;o

[ N S S MO
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f. Check the setting of the points by turning the
crankshaft approximately 90 degrees opposite the nor-
mal direction of rotation and turning the crankshaft
back until the indicator light just flashes on. At this
point the straightedge should line up within 1/32 inch
of the timing marks on the magneto housing. If the
points cannot be adjusted so that the straightedge will
align within 1/32 inch of the timing marks, replace the
breaker assembly. Turn the ignition switch in the cock-
pit to the “Off"" position. Remove the timing indicator
from the magneto. Install the breaker compartment
cover.

7--31. TIMING AND SYNCHRONIZING
MAGNETOS.

2. To determine whether the magnetos are properly
timed to the engine and synchronized with each other,
the following check should be made.

b. Remove the front sparkplugs from all the cylinders
and install PWA-3252 Vent Plugs. Locate the compres-
sion stroke of No. 1 cylinder by either of the following

" methods: {1]Hold finger over sparkplug hole and turn
- propeller in normal direction of rotation until compres-

sion stroke is noted; or [2] Remove the rockerbox covers
from the No. 1 cylinder and turn the propeller shaft in
the normal direction of rotation until the piston is at the
top.of its stroke as determined with the aid of the end of
a pencil or a length of wood dowel. Move the propeller
back and forward and note whether the valves of the
cylinder are actuated. If the exhaust and inlet valves of

.- the cylinder are not-actuated, the cylinder .is on its com-

- -pression stroke. If either or both valves are‘actuated, turn

the propeller until the desired condition is obtained.
Install R85-1-4075 Indicator (Time-Rite) in the top
kplug hole of No. 1 cylinder [Figtre 7—-16].

{ caunon |
Use pivot arm “A” of R85-14075 Indicator
with the hook end up. :

8 = i

Section VII |
Paragraphs 7=30 to 7-31

c. Attach the red wires of PWA-2417 Indicator to the
breaker points of the magnetos and ground the black
wire to the engine. Turn the ignition switch in the cock-
pit to the “Both” position. Align tlie cap of R85-1-4075
Indicator so that the slide slot lines up with the vectical
axis of the cylinder and the scale is at the right of the
slot. Push the slide pointer up close to the pivot arm
[Figure 7—17). Turn the crankshaft in the normal direc-
tion of rotation until the pivot arm pushes the slide
pointer to is farchest point [Figure 7—18). Turn the
crankshaft 90 degrees opposite rotation to return the
pivot arm to the top of the slot. Adjust the proper engine
scale (the scale is markedXR-%S) so that the zero degree
mark on the scale aligns with the reference mark on the

Figure 7—-168. Time Rite Installed

. Figure 7=19, 0° Aligned with Slide
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Figure 7—-21. Pivot Arm Contacts Slide

-+ slide pointer [Figure 7—19]. Move the slide pointer up
to align with the 25 degree mark on the scale [Figure
7—20]. Turn the crankshaft until the pivot arm just
consacts the side, at which time the lower light in
R85-1-4075 Indicator flashes on [Figure 7—21]. The No.
1 piston is now- 25 degrees before top center.

Note -

! In timing engines that are not installed, the
’ spark advance mark under the thrust bearing
cover plate, rather than R85-1-4075 Indicator,
" may be used. This requires removing the thrust
bearing cover plate and the use of PWA-85
Timing Pointer {Figure 7—22].

are just opening. Check the alignment of the_timing
marks with a straightedge. This will give the correct
“E" gap. Permissible limits are 1/32 inch on either side
of the timing marks. An adjustment, described in the
following paragraph, will be necessary if the magnetos
are not synchronized.. When the piston is 25 degrees

86
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d. At this point-the lights -of ;P’WA-%'I'? Indicator-
- = should flash-onsimultaneously,:indicating. that the points . -
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Y/ W r

Figure 7—22. Propeller Removed

before top center, the breaker points should bre:
simultaneously if the straightedge is in correct relatior
ship to the timing marks. If the magnetos are found |
be properly synchronized after the above check is. mad
turn the ignition switch in the cockpit to the "Off” py
sition and restore the engine to its condition prior 1
this check. ‘

e. If the timing of one or both magnetos to th
engine is incorrect. it will be necessary to remove tk
bolts which attach the incorrectly timed magneto to i
mounting pad and move the magneto away sufficientl

* to turn the rubber drive coupling. Make sure the pisto

of No. 1 cylinder is 25 degrees before top center. If it.
desired to advance the timing, the rubber couplin
should be turned one or two notches in a counterclocl
wise direction, the magneto reinstailed in place, and th
timing rechecked as described above. To retard the tin
ing, the rubber coupling must be turned in a clockwis

. direction. Because of the fact that the coupling has 1
.-notches on-one side and 20. notches. on-the-other side,
“very-fine-adjustment car be.made by rotating it on

notch. It is important that the two magnetos be syr
chronized to break simultaneosly with the straightedg
or timing indicator. in correct relationship to the mark
on the breaker.housing. Slide the magneto back int
position, instaf} the bolts and recheck the magneto tin
ing and synchitonization. LT
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7-32. CARBURETOR IDLING ADJUSTMENT. Idl-
ing and' taxiing present special conditions. The fuel-
air ratio must be held within narrow limits: to prevent
the sparkplugs from fouling because of excessive rich-
ness, on the one hand, and, on the other, to avoid any
tendency to “die” or accelerate hesitatingly because of
overleanness. Properly set idle mixtures will make pos-
sible continuous smooth idling without danger of foul-
ing. When a carburetor is once set for proper idling,
it does not ordinarily require adjustment except to cor-
rect it for wide variations in weather conditions. An
idling adjustment should not be changed until all ‘bther
possible causes of unsatisfactory idling have been inves-
tigated. Use the following procedure when necessary.

a. Start the engine and run it approximately 1000 rpm
until the oil temperature reaches 60°C to 70°C (140°F
to 158°F) and the cylinder head temperatures are
normal.

b. Run the engine up to recommended rpm and check
the sparkplugs by operating on each magneto separately.
Refer to paragraph 648, If the drop-off in rpm is nor-
mal, proceed with the idling adjustment.

¢. Slow down to closed throttle, 450 to 500 rpm.
Adjust the throttle stop if the engine does not idle at
approximately this rpm.

d. Move the mixture control slowly toward Idle Cut-
‘Off, manually adjusting to obtain best power mixture.
Observe the rise or fall in rpm and/or manifold pres-
sure. This should. occur at a point approximately 2/ to
- %; of the quadrant travel from -the Full Rich position.

Read instruments. Move the control back into Full Rich

before the engine stops. If the idling speed adjustment
is properly set at the recommended rpm, there will be a
- rise not in excess of ‘10 rpm as the mixture is leaned

out, and a corresponding drop as the control is moved
back_to Full Rich.

e. If the engine rpm decreased when the mixture con-
trol was moved. toward Idle Cut-Off, turn the idle mix-
ture adjustment lever one or two notches to the left
(counterclockwise) to richen the mixture and again
check the rpm when the control is moved toward the
Idle Cut-Off position. Repeat until about 10 RPM rise
is obtained.

f. If the engine rpm increased by more than 10 rpm

when the mixture control was moved toward Idle Cut- -

Off position, turn the. idle mixture adjustment lever
one or two notches to the right (clockwise) to lean the
mixture; then again move the mixture control towards
Idle Cut-Off and check the rpm.

~ge It is. desxrable to maintain cyhnder head tempera B
- tures-which - will- approximate .the -coolest ‘stablé-tein pexas.
tures encountered at idling rpm under the atmospheric -

conditions of operatlon

h. The 10 rpm enrichment is needed to aid in cold
starting when the engine has a tendency to backfire and
not to be so-rich as to foul sparkplugs under warm
operation. Tendencies-of the engine to foul plugs or

International AeroTech Academy For Training PurE)oé
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to torch are indications of idle adjustment being too
rich. Tendencies to backfire under very cold starting
can be alleviated by richening the idle two”or more
notches before starting and resetting after the engine is
up to idling temperatures.

7—33. FUEL PRESSURE ADJUSTMENT. If it is neces-
sary to adjust the fuel pressure, loosen the locknut of the
fuel pump pressure relief valve and turn the adjusting
screw clockivise to increase the fuel pressure, or couster-
clockwise to decrease the pressure. When the locknut is
tightened it may change the discharge pressure slightly,
so it is advisable to take this condition into account
when the adjustment is+being niade. Make certain the
locknut is tightened and lockwired after the adjustment
has been made.

7~34. FUEL PRESSURE CHECK (At manifold pres-

sure equal to field barometric pressure.) Fuel pressure
should be 5§ = 1 psi. Idling — 2 psi Minimum.

7—-35. OIL PRESSURE ADJUSTMENT. Remove the
adjusting screw acorn cap, on the oil pressure relief
valve, using PWA-978 Wrench [Figure 7—23]. Leosen
the locknut and turn the adjusting screw clockwise to
increase the oil pressure, or counterclockwise to decrease
the pressure.

Adjust to give an oil pressure of 70 psi at an oil ‘tem-
perature of GO°C (140°F), and an engine speed that
results from operating at a manifold pressure equal to
field barometric pressure. It may be necessary to make
several tries before the desired pressure is obtained.

Tighten the adjusting screw locknut; then, using 2 .
new gasket, install, tighten, and lockwire the acorn cap.

7—36. OIL. PRESSURE CHECK.

(At manifold pressure equal to field barometric pres-
sure.)

Desired for adjustment 70 psi at 60°C (140°F).

SAFE OPERATING RANGE. o .

2000-2200 rpm 60-100 psi
1600 rpm 55-00 psi
1400 rpm Minimum 50 psi__
Idling Minimum 10. psi
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7-37. REPLACEMENT, INSPECTIdN;
AND REPAIR.

7-38. REMOVAL OF COWLING. Remove sufficient
cowling to have easy accessibility during the removal
of any parts.

7-39. INSTALLATION OF COWLING. Install the
cowling sections that were removed.

7-40. REMOVAL OF EXHAUST PIPING. Unfasten
the nuts and bolts which fasten the exhaust piping to
the engine. Loosen the exhaust manifold and pull it
back as far as possible so that the cylinders and related
parts will be more accessible.

7-41. INSTALLATION OF EXHAUST PIPING. Move
the exhaust manifold inward and fasten the exhaust
collector to the engine with nuts and bolts.

7-42. REMOVAL OF SPARKPLUG LEAD CONNEC-
TORS AND SPARKPLUGS. Unfasten the sparkplug
lead from the sparkplug, using PWA-1683 Wrench [Fig-
ure 7-24]. Be careful not to allow the elbow to turn or
the wrench to slip; then unscrew the nut which secures
the sparkplug elbow. Withdraw the ceramic connector
from the sparkplug pulling the lead straight out and in
line with the center line of the sparkplug barrel; then
install a suitable protector cap over it é:‘guﬂ! 7-25]
Remove the sparkplug, using PWA-3168 Wrench. Do not
““cock’’ the wrench on the sparkplug; make certain that
the "hex’’ of the wrench is in full engagement with
the *hex’’ on the plug [Figure 7~28]. Install a PWA-3252
Plug in the sparkplug hole. If the plug is difficult to
remove, removal may be facilitated in some cases by
turning the plug first in a tightening direction and then
in a loosening direction.
7-43. Inspect the firing end of the plug(s) that was
removed. If there are any signs of cracked or broken

insulators, or bent or melted electrodes, it is recom--

mended that an inspection of the cylinder be made for
signs of operational damage to the piston and combus-
tion chamber. The cylinder inspection should be made

by (1) removal of the cylinder, (2) inspection of the-

piston through the sparkplug hole and inspection of the
valves by means of a compression check.

7-44. Place removed plugs in a suitable rack or tray.

If a plug has been dropped or damaged durmg removal,
tag it for future referen"e.

Purpose Only -
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Flgure 7-25. hufa" Lead Prohcfor

" Figure 7-26. Remove Sporkplug

7=45. _PREPARATION OF SPARKPLUGS FOR IN-

STALLATION. Remove sparkplugs from boxes and
place in a rack for vapor degreasing [Figure 7-27.

a. Vapor degrease, using trichloroethylene (Specifi-
carion MIL-T-7003), or equivalent for 1 t& 3 minutes (a

longer period will do no harm). Vapor degreasing serves

two fuactions: (1) removes preservative and cleans

" plugs, (2) removes any accumulated moisture.

WARNING [ _

~ Avoid prolonged breathing of trichlorocthylene
vapors and prolonged or repeated contact
with skin. Observe fire precautions.

Figure 7-27. Sparkplu§§ in Rack
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b. Remove plugs from trichloroethylene and inspect

.visually. Use a strong light to inspect the firing end of

the ceramic insulator and barrel insulation for cracks,
dirt, orlead compound accumulation. Observe the condi-
tion of the electrodes and inspect for mutilation of
threads at the shell and barrel ends of the plug.

c. Check gap clearance of each electrode with .01}
inch *'go’* and .014 inch “‘no go'’ stainless steel piano
wire. (UseStarrett pin vise as holder for wire and "roll"’
wire between the electrodes.) Do not attempt to push it
through as an inaccurate gauge will result. The wire will

easily "'roll”’ through electrodes of some plugs, whereas .

the same wire cannot be pushed through. The desired
gap is .012 inch; however, if .011 inch gauge will pass
through the electrodes but .014 inch gauge will not, the
gap clearance is satisfactory. Where a plug is found to
be closed below the lower limits, no attempt should be
made to disassemble the plug or to open the gaps to the
specified clearances. Instead, return such plugs to the
sparkplug overhaul shop.

d. Bomb check plugs ona BG M519 tester, or equiva-

lent, at 200 psi. Observe the spark to make certain that
it occurs at the electrodes and is steady. The plug
should be rejected if there is failure to fire steadily at
200 psi, or if there is any indication of firing below
the electrodes.
7-46. INSTALLATION OF SPARKPLUGS AND
SPARKPLUG LEADS. Visually inspect plugs prior to
installation. Check firing end of ceramic insulator for
cracks, dirt and gap setting. Observe the condition of
electrodes and inspect for mutilation of threads at shell
and barrel ends of plug. Never-install a plug that has
been dropped.

a. Apply anti-seize thread compound(Specxfncauon
MIL-T-5544) sparingly as a thin film on the shell threads,

- taking special care.to coat the first several threads.

Make sure that the compound is thoroughly mixed be-
cause, after settling, the finely powdered mica or graph-
ite separates from the compound and collects in the
bottom of the container. A small hrush shouldbe usedto
apply the compound Eigure 7-287. Do not apply with
the fingers.

b. Visually inspect the condition of the sparkplug
insert or bushing and make certain that the top of the
sparkplug hole is clean and smooth.

c. Making certain that there is a serviceable copper
gasket {(only one) on the sparkplug, screw the plug into
the cylinder with the fingers until the plug bottoms on
the gasket. If the plug does not screw in easily, remove
the plug and inspect the plug and bushing threads.

d. Minor imperfections of sparkplug threads should
be corrected, where possible; by using a small three-
cornered file. Avoid use of die since the threads may be
cut too deeply to permit a tight fit of the plug in the
bushing. If a die must be used, it should be used by

eter within the limits 0.6693 t0-0:6683 inch.

e. Stainless steel sparkplug inserts or bushings may
be cleaned with a stiff fiber or wire brush moistened
with a dry cleaning solvent (Specification P-S-661), The
brush may be used so that no bristles will fall into the
combustion chamber. The diameter of the brush'and the
technique used should be such as to preclude the re-
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. hand .without. a' die holding handl€.”The ‘die should be "> -
. checked periodically to be certain it cuts-a pntch dxam- e

.
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Figure 7-28. Compound to Sparkplug

moval of materials from the cylinder head surrounding
the insert. Special care should be taken on the spark-
plug gasket seating surface, since removing material
from this location could cause combustion leakage with
subsequent damage to the cylinder head. Generally
speaking, only a light application of a revolving brush
will be required.

f. Using PWA-3168 Wrench, tighten the spaerlug
to the recommended torque. Avoid side loading or ** cock-
ing'’ of the wrench.

g- Remove the plastic protector from the sparkplug
lead connectors.

h. Wipe hands dry, wipe the connector clean with a
clean cloth moistened with dry cleaning solvent (Speci-
fication P-S-661), or equivalent.

Wﬂv
B OGPPSO
“Never use chlorinated solvents, Alcohol, or
Acetone. -

.i. Visually inspect the connector and spring. Do not
touch with fingers. If necessary, replace the .spring or

‘insulator and wipe them clean.

jo ¥ desired, apply a light film of msulatmg com-
pound (Specﬂ'mauon MIL-I-8660) to_the ‘connector by
means of a clean cloth rf:gure 7-2

wAkNms

- The insulating compound contains minutely
- ground silica and mica which may act as irri-
tants to the eyes and skin. When compound is
handled frequently, it is suggested that gloves

- be worn.

Fa'éltr_e 7-29. Compound to Cenqec'or

8
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k. Without touching the zonnector or spring with the
fingers, install the connector in the sparkplug barrel. Be
very careful that the connector is inserted straight into
the barrel and not “cocked,” since this can result in a
cracked insulator or sparkplug barrel [Figure 7—30].

I. Run the sparkplug lead coupling nut down finger
tight. Hold the elbow or lead in proper position and
tighten the elbow coupling nut to the recommended
torque, using PW/A-1683. Wrench. Never use an open-
end wrench, since damage to the barrel insulator may
result from side loading. :

m. Check the sparkplug leads to be sure that they do
not interfere with the engine and are not twisted.

7-47. REMOVAL OF ENGINE DEFLECTORS.
Remove the nuts that secure the cylinder head deflectors
to the cylinders. Release the spring loaded clamp on the
rear side of the intercylinder deflectors and remove the
cylinder head deflectors [Figure 7—31]. Remove the
wing nuts which secure the intercylinder deflectors to
the retaining clamps; [Figure 7—32] then remove the
clamps and deflectors. The deflectors No. 7 and No. 8 cyl-
inder cannot be removed until the clamp underneath the
deflector has been loosened and the tee hose connection
has been withdrawn from the deflector. Tag each de-
flector as it is removed so that it will be reinstalled in
its proper location.

7—48. INSPECTION OF DEFLECTORS. Examine the
deflectors for dents, bonding, and the condition of the
paint. )

7—-49. INSTALLATION OF CYLINDER DEFLEC.
TORS. Install the head deflectors and secure them with
the necessary nuts {Figure 7-33]. Assemble the inter-
cylinder deflectors and secure them with the clamps and
wing nuts. '

Figure 7—30. Install Connector

90 - International AeroTech Academy For Training Purpa: ‘
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7—50. REMOVAL OF MAGNETO.

a. Loosen the knurled coupling which secures the flex-
ible manifold conduit to its distributor block cover elbow -

using PWA-1886 Wrench. Remove the screws which
secure the elbow to the distributor block cover.

b. If the engine is equipped with Bosch magnetos, re-
move the three screws which secure the distributor block
cover halves to the magneto. Remove the four screws
holding each cover to the coil cover and the distributor
black housing; then withdraw the cover halves. Remove
the two distributor block fastening screws and lift out
the distributor block. Wrap the distributor block in oiled
paper to keep it clean and to prevent damage.

c. If the engine is equipped with Scintilla magnetos,
remove the screw [¥igure 7—34] which secures the dis-
ributor block halves of the magneto. Remove the safety
pin, disengage the two spring locks on the distributor
block cover; then remove the cover halves. Lift out the
distributor blocks and wrap each block in oiled paper
[Figure 7—35]).

d. Remove the three bolts which secure the magneto
to its mounting pad and lift off the magneto and rubber
coupling.

7-51. INSTALLATION OF MAGNETO. Before in-
stalling a magneto on the engine, the internal timing
of the magneto should be checked. To do this, remove
the breaker compartment cover. Attach the red wire of
PWA-2417 Indicator to the breaker points and ground
the black wire to the magneto housing. Place a straight-

edge against the step on the -breaker cam and_ turn the .

magneto drive shaft in the normal direction of rotation.

The light of the indicator should flash on just as the .

straightedge comes into alignment with the timing marks
on the magneto housing. On Scintilla magnetos the tim-
ing marks shown through the timing window should
align at this point [ F;gure 7-36]. If this check indicates
that the magneto is not properly timed, the breaker
points should be adjusted as follows: with PWA-2417
stillconnected and the straightedge aligned, loosen the
contact bracket screws or the breaker plate screws and

Figure 7—34. Removing Cover Screw
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Paragraphs 7-50 to 7-52A

Figure 7—36. Timing Window

turn the eccentric adjusting screw until the indicator light

- just flashes on, indicating that the poin% are just open- :

ing. Tighten the attaching screws.

7—52. After the internal timing has been found to be
correct, position the No. 1 piston 25 degrees before top
center of its compression stroke as described in Para-

- Note
‘ Tbe accuracy of ignition timing is dependent,
to a great extent, on accurately establishing the
firing position of No. 1 piston. Personnel
must exercise the greatest care in performing
this operation.

7—52A. Mount the left or Aright mégneto on the engine

“without-installing the-rubber coupling: Measure. the. dis-

 tance berween' the magneto drive 'shaft-and the magneto
shaft couplings, making sure-that the shafts are at-their. -
maximum distance apart. Rubber couplings are provided
1/32 inch oversize, identified by "B - 1/32 inch”
mounted on the face. The coupling used should be .020
inch to .030 inch less in thickness than. the distance be-.
tween the two metal couplings. Remove the magneto
from the engine.

9
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7—53. With the straightedge in ewact. alignment and .

with the rubber coupling in place, rest the magneto on
the magneto mounting pad [Figure 7—37]. Hold the
magneto in place and rotate the rubber coupling be-
tween the two metal couplings until the rubber coupling
can be engaged with the metal couplings without caus-
ing the magneto shaft to turn. Fit the magneto over
the two dowel pins on the mounting pad [Figure 7—38].
Secure the magneto with the three bolts. Install the dis-
tributor blocks, the distributor cover and tighten the
knurled coupling. Check to see that the magnetos are
properly synchronized as directed in paragraph 7-31.
After this check has been completed, lockwire the three
magneto retaining bolts [Figure 7—-39].

7-54. REMOVYAL OF IGNITION MANIFOLD. Dis- .

connect all sparkplug lead connectors and remove them
from the plugs. Install protector caps on the connectors.
Remove the nuts which secure the manifold to the case.
Loosen the knurled coupling which secures the flexible
manifold conduit to its distributor block cover elbow
using PYWA-1886 Wrench. Remove the screws or bolts
which secure the elbow to its distributorblock cover. Re-
move the screws or bolts which secure the distributor
block cover to the distributor block housing; then with-
draw the cover from the distributor housing. On Bosch
magnetos remove the two distributor block fastening
nuts. Lift out the distributor block. To remove a cable
from the distributor block loosen the cable piercing screw
which fastens the cable to the block.

Figure V7-—»3'8. Two Dowel Pins
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Figure 7-39. Lockwire Magneto Bolts

a. To remove the front manifold it is necessary to re-
move the pushrods and the intercylinder defiector.

b. To remove the rear manifold it is necessary to
remove at least the top five intake pipes.

7—55. INSTALLATION OF IGNITION MANIFOLD.
Insert the block in the magneto. On Bosch magnetos se-
cure it in position with the two distributor block fasten-
ing nuts. Install the distributor block cover halves over
the block. Install the screws which secure the distributor
block cover halves. Secure the distributor block cover
elbow to the cover with the screws or bolts and tighten
the knurled couplings on:the flexible manifold conduit,
using PW/A-1886 Wrench:

a. If the front manifold was removed, reinstall the
pushrods and check and adjust the valve clearance. Re-
place the rockerbox cover gaskets and install the covers,
and the intercylinder deflector. :

b. If the rear manifold was removed, reinstall the in-
take pipes with new packings and copper gasket.
7—56. REPLACING MANIFOLD WIRE. If 2 con-
tinuity or high voltage test indicates a defective wire,

" check the table of wire lengths [Figure 7—40] and re-

place the wire as follows:

- a. Remove the connector at the sparkplug end of
the wire, and-the sparkplug lead conduit from the igni-
tidn manifold. Loosen the coupling nut on the conduit
and slide the conduit-towards the rear. Determine in
‘which direction the wire will pull the easiest; then splice .
and solder the new wire into the opposite end of the
old wire. Dust the wire with talc or soapstone to: pre--
vent friction. Push the new wire through as the old wire
is slightly pulled out. When the new wire is through
far enoughy cut it off to the proper length

'b: Remove- ¥y inch of insulation from:the- distributor -
block end of the wire, being careful not to cut any of
the wire strands. Separate the strands and bhend them
back aleng the insulation. Mark a new copper ferrule
.with the-proper | number, usmg a metal stamp; then in-
stall theé ferrule and secure it with PWA-1937-20 Crimp-
mg mol Place the wire in lts proper hole in the distribu-
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tor block (Figure 7—13), and secure it with the piercihg:

screw. Push the wire through the sparkplug lead conduit;
then secure the conduit to the manifold.

¢. Remove 14 inch of insulation from the wire, being
careful not to cut any of the wire strands. The insulation
must bear firmly against the brass disc inside the spark-
plug connector. Treat the ends of the insulation with an
insulating lacquer. After the lacquer has dried, slide the
connector into position on the wire. Bend the strands
back over the wire opening in a radial pattern. Do not
solder the wire.

7-57. REMOVAL OF ROCKERBOX COVERS. Un-
screw the elastic stop nuts which secure the rockerbox
covers to the cylinder heads [Figure 7—41] and remove
the covers and gaskets. Rockerbox covers which are con-
nected by intercylinder drain tubes should be removed
in pairs [Figure 7—42].

Figure 7—41. Rockerbox Cover Nuts

Engines Equipped With SBOR(U) — 3 Magnetos

Section Vi
Parogrophs 756 to 7-57

-

No. of Total Length Wire Length from Wire Length from
Distributor Front Rear Rear Manifold Front Manifold

Block Manifold Manifold to Left Magneto to Right Magneto

No. 1 557 37 2014,” 33~

No. 2 483" 533/~ 204" 337

No. 3 634 684" 197 3114
~ No. 4 74247 4524 181" 317

NO. S 613/2” 29[/211 . 17[/2” 300

No. 6° 471, 45Y47 - 18” 30145”

No. 7 557" 507" 175 30”

No. 8 8224 543/ 181, 31~

No. 9 69” 39” 197 i 31,

Engines Equipped With SBOR(N) — 4 Magnetos

No. of Total Length Wire Length from Wire Length from
Distributor Front " Rear Rear Manifold Front Manifold

Block Manifold Manifold - to Left Magneto to Right Magneto

No. 1. 577 39” 18” 29"

No. 2 60" 557 19”7 30~

No. 3 62” 67" 17,7 281/

No. 4 74" 457 18~ 29

No. 5-. 617 297 19” 307

No. 6. 477 45" 17y 2814

No. 7 54" 58" 1814 2915

No. 8 81~ .53 20~ ) S

No. 9 69” 39 197 - 30”7

R

" ‘DIMENSIONS OF FLEXIBLE CONDUITS

Inside Dimension .. v Outside Dimension

: Length |
Magneto to Rear Manifold 1007 =14 " 1 Yo=Y 1.335” — 1.345”
Magneto 1o Front Manifold 214" Y 7 1 %o Wy” 1.335” — 1,345"

Figure 7—40. Toble of Wire Lengths -
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Section VIl ™ 1
Paragraphs 7=58 to 762

Figure 7—42. Rockerbox Covers

7—58. INSPECTION OF ROCKERBOX COVERS.
Inspect for cracks and warpage. Check the rockerbox
covers for flatness, using a .002 inch feeler gage and a
surface plate. If necessary, face off the covers on a lap-
ping plate, using a small amount of lapping compound
[Figure 7—43]. This will insure that the covers bear
evenly on their gaskets.

7—59. INSTALLATION OF ROCKERBOX COVERS.
Place a new gasket on the rockerbox; then install the
covers and tighten the nus to the recommended torque
[Figure 7-44].

7—60. REMOVAL OF PRIMER LINES. Disconnect
all primer lines at the primer distributor [Figure 7~45],
and at the Nos. 1, 2, 3, 8, and 9 cylinders to which they
are attached [Figure 7-—46]. Unfasten the clamps hold-
ing thera to the intake pipes [Figure 7—47], and with-
draw each line from the cylinder deﬂector through which
it extends.

7—61. INSPECTION OF PRIMER LINES. I.ook for

breaks, dents, pinched tubing, and broken unions. If
necessary, replace with new primer lines.

7—62. INSTALLATION OF PRIMER LINES. Con- '

nect all primer lines at the primer distributor and insert
the lines through the deflectors. Attach them to the cyl-
inders to whcih they are attached. Fasten the clamps
holding them to the intake pipes and supercharger
section.

Figure 7—43. Lopping Rockerbox Covers
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F:gure 7-46. Cylinder Pmmng Elbow

. Figure 7—47 aner lme Cfump
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Paragraphs 7-63 to 7-65

- 7-63. REMOVAL OF INTAKE PIPES.[Figure 7—48]
Loosen the nut at the supercharger section, using PWA-
5072 Wrench. Remove the nuts and bolts at the cylinder
end [Figure 7—49]; then remove the pipe.

7—64. INSPECTION OF INTAKE PIPES. Inspect for
dents and cracks. Check condition of paint. Examine the
nuts for breaks and condition of the threads. Replace
packing, if it is not in good condition.

7—65. INSTALLATION OF INTAKE PIPES [Figure
7—-50]. In<tall a flat rubber seal at the supercharger end
of each intake pipe after first coating the seal with a thin
even coat of insulating compound (Specification
MIL-1-8660). Remove the supercharger case opening pro-
~tector and place the pipe in position on the engine. In-
stall the supercharger end of the pipe first and tighten
the packing nut finger tight. Coat a copper gasket with
insulating compound (Specification MIL-1-8660);
then install it, split side forward, at the cylinder intake
port. Secure the pipe to the cylinder with two self-lock-
ing nuts and one bolt. Safety-wire the bolt to the deflec-
tor assembly inter-ear bracket with a figure-eight tie
[Figure 7—51]. Tighten the packing nut, using PWA-237
Wrench. Use care in tightening the nuts to avoid damag-

ing the pipe.

B LWARNING

The insulating compound contains minutely
ground silica and mica which may act as
irritants to the eyes and skin. When the
.compound is handled frequently, it is sug-
gested that gloves be wom.

Figure ?;48. Pipe Gland Nut ' Figure 7-51. Lockwire Intake Pipe

International AeroTech Academy For Training Purpose Only
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Section Vii
Paragraphs 7~66 to 7~68

7-66. REMOVAL OF PUSHRODS AND COVERS.
Loosen all pushrod cover nuts at the cylinder ends first;

.then at the front case ends [Figure 7—52], using PWA-

3639 Wrench. Turn the propeller until the piston in
the cylinder from which the pushrods are to be re-
moved is at the top of its compression stroke (both valves
closed). Depress the rockers with PWA-455 Depressor
[Figure 7—53], and remove the pushrods and covers.

ﬂgure 7-53. Depress Rockers.
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If desired the ballends may be remgved using PW A-48
Puller [Figure 7—54] or PWA-2151-1 Drift.

7—G67. INSPECTION OF PUSHRODS AND COVER
Inspect for cracks and check the oil holes in the ba
ends for clogging. Examine the rods for roundness ai
straightness by rolling them on a plane surface [Figu
7—55). Replace any ballends which are loose or exct
sively worn. Check the covers for cracks and den
Check the nuts at each end for condition of threads.

7—-68. INSTALLATION OF PUSHRODS AND CC'
ERS. One of the ballends on each pushrod bears tl
number of the cylinder into which it fics. The exhau
rods are marked with an “Ex” after the cylinder nur
ber and the intake: rods are marked “in". Install tt

Figure 7--55. Check Push:od -
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- packing and seals in place in each gland nut [Figure 7—
56). Coat the ballends of each rod with oil. Assemble
the pushrod and cover assembly with the marked end
of the pushrod and the flared end of the cover tube
toward the crankcase. Depress the rocker with P\WA-455
Depressor and fit the corresponding pushrod and cover
into position. If the valve tappet protrudes too far to
allow installation of its pushrod, turn the crankshaft
until the tappet has receded sufficiently to permit instal-
lation of the pushrod. After the pushrod and cover as-
sembly are in place in the engine with the gland nuts
secured finger tight, push the cover tube firmly against
its seat on the tappet guide, turn down the gland nut,
and tighten it to the recommended torque, using PWA-
3639 Wrench. Next tighten the gland nut on the cylinder
head end of the cover tube to the same torque, and lock-
wire both nuts [Figure 7—57).

CAUTION

Never reverse the above sequence of operations
as the packing on the tappet guide end might
be pushed into the tappet compartment and
mutilated during engine operation. o

7—69. If the pushrod cover was not removed from the
crankcase, install the marked end of the pushrod toward

! the crankcase and guide the pushrod into the rocker

: socket while the cylinder is being installed on its pad.

- Check the valve stem-rocker clearance. Adjust if neces-

- saty as directed in paragraph 7-22.

7-70. REMOVAL OF CYLINDER ASSEMBLY. Ob-

. serve the following instructions before removing cyl-

inders: Remove the masterod cylinder, No. S, LAST if
" itis in a group of two or more cylinders to be removed.

"~ Upon removal of the masterod cylinder, the pistonpin

end of the masterod should be centered in the crankcase
opening by using PW A-2834 Holder. The Holder allows
rotation of the crankshaft without risk of damage to the
cylinders, and the crankcase section, should rotation of

+ the crankshaft, after removal of the masterod cylinder,

become necessary.

CAUTION

Do not allow the masterod to move sideways
at any time, as damage to the pistonrings and - -
cylinder may result. SN

a. Turn the crankshaft until the piston of the cylinder
to be removed is at the top of its compression stroke.

-|-Remove the - palnuts : [Figure -7—58],then ‘Temove the -
- | »cylinder.-flange. -nuts, . using-- PWA-2006 .or .PWA-2399 -

‘Wrench and PWA-2398 or PWA-2411 Handle [Figure
7—59], leaving one nut on until just prior to the removal
of the cylinder. ' : - :

CAUTION |

If a nut is found to be loose or vfhevre has been

T N ION Y SNV S P

Section VI
Paragraphs 7~68 to 7-70

failure of-a stud, replace that stud and the two -
adjacent studs in accordance with paragraph
7—109. If only two adjacent studs have failed
or two adjacent nuts have been found loose,
the cylinder may be reused provided the nuts
adjacent to the failed studs or adjacent to the

" e
RS . ot e+ P oo
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ErLINDER é ;_-Pacxmc_:%o

NUT

Figure 7--56. Pushrod Housing
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Section YH
Paragraphs 7-70 to 7-72

loose nuts are found to be at least to the mini-
mum torque (paragraph 7—124). If more than
two adjacent studs have failed or if more than
two adjacent puts are known to have been loose
during engine operation, the cylinder should be
returned to overhaul and all studs on the
cylinder mounting pad replaced.

b. Remove the cylinder [Figure 7—60] being careful
that the pistonpin does not fall out. Remove the piston-
pin, if necessary use PWA-4251-10 Pusher, and lift off
the piston. Place thé cylinder in an appropriate carrier
to prevent damage to the fins and the bottom edge of
the barrel.

~ =y

.98

Figure 7—60. Removing Cylinder

T™ 1-2R-R985:2

.c. Secure.the rod with PWA-2834 Holder as soon 3
the cylinder is removed. Cover all openings ini the crank
case and the supercharger case to prevent the entranc
of foreign matter.

7—71. REMOVAL OF VALVES AND SPRINGS. Plac
the cylinder over a.wood or fiber block shaped to fit th
contour of the cylinder head. Compress the valve spring:
using PW A-459 Compressor, and remove the split lock
[Figure 7—81). Withdraw the upper washer and spring
from the rockerbox [Figure 7—62)], and remove th
safety circlets from the valve stems. Lift out the lowe
washer using long nosed pliers [Figure 7—63]. Rais
the cylinders from thé block and lift out the valves [Fig
ura 7—64]. Do not let the valves fall out and strike thy
cylinder walls. Place the valves in a rack so that they wil
not be damaged.

7-72. REMOVAL OF ROCKERS AND ROCKEF

BEARINGS. Remove the nut from the inner (large)
end of the rocker shaft [Figura 7—&5). Hold the inne:

- International AeroTech Academy For Training Purpose Only .
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Figure 7--8: Removing Valve Spring :




' TM 1-2R-R985-2 Section Vil
Paragraph 7-72

--end ‘of the shaft, using'a 9/16 inch wrench-and remove
the outer nut and washer. Drift out the shaft [Figure
7—86], by driving on the small end with a fiber drift;
then lift out the rocker [Figure 7—67]. If the bearing is
to be removed place the rocker on an arbor press and
press out the rocker bearing, using PWA-614 Drift and
Base [Figure 7—68].

Figure 7—63. Lift Out Llower Washer

Pl

Removing Yalves

Figure 7—65. Removing Rockershaft Nut Figure 7—68. kamoving Rockesbearing
99
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Section VIl
Paragraphs 7-73 to 7-79

-7=73.- INSPECTION OF CYLINDER
RELATED PARTS.

7-74. CYLINDER BARRELS. Using PWA-2630-20
Gage and pencil carbon paper, check the cylinder flange
for flatness and squareness. If the flange is uneven or dis-
torted and providing the distortion does not exceed .003
inch, lap the flange, using PWA-2199 Lap [Figure 7—
69}. If the distortion exceeds .003 inch, replace the cyl-
inder assembly.

7-75. The greatest wear in a cylinder barrel usually
occurs at the rear, slightly toward the thrust side, where
the upper pistonring reaches the top of its travel. This
wear extends only a short way down the barrel, and the
main par¢ of the barrel’s choke is not appreciably af-
fected unless the condition is extreme. As wear increases
at the top of the barrel, a step is formed. If this step ex-
ceeds .006 inch at zny part of the circomference, replace
the cylinder assembly.

7=76. Check the bore of the barrel for out of round-
ness. The bore should not be more than .006 inch out of
round. It is permissible to let the diameter of the barrel
at the step location reach .006 inch over the diameter of
a standard bore, as measured at the bottom of the barrel,
providing .006 inch out of roundness is not exceeded.
If the diameter of the barrel at the step location or the
out of roundness of the barrel is found to be excessive
before 1500 hours of service, and providing the cylinder

head is still in good condmon, return the cylmder to.

F:gure 7—69 lap Cyhnder Hangc
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stock_and hold for return to the manufacturer for
barreling. Replace the cylinder assembly,

7=77. Use PWA-1313-T-3 Gage and PWA<312-11Indi
tor to measure the wear and out of roundness of the ba
[Figure 7—70]. Set the needle of the indicator at
zero mark in the gage, which represents the basic di:
eter of the cylinder barrel. The presence or extent of w
and distortion may be determined by moving the ind
tor along the length of the barrel while looking for :
fluctuations in positive or negative directions on
indicator in various radial positions. A positive read
at the top of the barrel indicates the amount of ch
left in the tapered {pre-ground) type of barrel. By
serving any difference in the diameters of the cylind
at a given distance from the end of the barrel, the out
roundness of the cylinder at that location may be det
mined. A step at the top may be calculated by subtr:
ing the indicator reading: obtained above the top of
upper ring travel from that obtained at the exact top
the upper ring travel.

7-~78. Examine the cylinder barrel for cracks, scorii
damaged fins, and other irregularities. Check the c
dition of metallized surfaces.

7=79. CYLINDER HEADS. Examine the fins arou
the heads for cracks and breaks. Blend any sharp «
ners to broken fins before installing the cylinder. !
spect areas adjacent to the sparkplug bushings for crac
and also around the exhaust ports. Cowl mounting lu
may be repaired as follows: Thoroughly clean the s
-face of the break and the area immediacely surroundi

Figure 7-70. Inspact Cyfihder Borrel
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the lug. Using a welding torch adjusted to give a soft
neutral flame and an Oxweld Linite welding rod (5 per-
cent silicon) with No. 4 flux, build up the lug with the
aid of a sheet iron template approximating finished
dimensions, Use of a template will help to avoid con-
siderable hand filing. Finish the lug by hand filing or
with a hand burring tool. Locating on a normal cylinder
from the rockershaft bushing holes, the valve guide
bushing holes or both, make a simple drill jig. Using
a hand drill and this jig, drill the holes in the rebuilt
lug. It is necessary to bake or reheat the head after the
repair has been made.

7—80. CYLINDER FIN BREAKAGE. If more than 8
inches in length of any one fin is completely broken
off or if the total fin breakage on any one cylinder head
exceeds 20 square inches, the cylinder must be replaced.
Where adjacent fins are broken in the same area, the
total permissible length of breakage is 6 inches on any
two adjacent fins and 4 inches on any three adjacent
fins, 2 inches on any four adjacent fins, one inch on any
five adjacent fins, etc. Any roughness or sharp corners
should be carefully blended into the adjacent surface to
eliminate a possible source of new cracks.

Note

The length of limits given are measured at the
base of the fin. “Fin area” is defined merely as
the total area exposed (both sides. of fins) to
cooling air.

7—-81. CYLINDER FLANGE NUTS AND STUDS.
~ All cylinder flange studs and nuts should be examined
for cracks, damaged threads and other visible defects.
Clean the threads of the studs and nuts thoroughly, using
a hand wire brush if necessary. Remove .any roughness

or burrs on the nuts, studs, or cylinder ﬂanges. Also ob-

serve replacement requirements as outlined in paragraph
7—70a.

7—82. FISTONS. Inspect the pistons [Figure 7-—71]
for cracked heads and skirts, broken or distorted ring

lands, scored or worn pistonpin holes, excessive carbon -

deposits, broken rings, or rings seized in the grooves.
Rings  may be removed with PWA-1791 _Pliers [Fig-
ure 7—72]. Clean ring lands. Inspect piston head for
dishing. Check the width of the grooves by measuring
the side clearance of standard size rings. Check the pis-
tonrmg end clearance [Figure 7—73]. Replace plston

-.---and rings’ together--with- cylinder if- necessaty, the rings

of which have-been lapped

7—83. PISTONPINS. Inspect the pistonpin for scor-

ing, cracks, excessive wear, rust pitting, and out of

Section Vil
Porogrophs 7=79 to 7-B5

Figure 7—72. Removing Pi’:fonring:

:rou'ndness. Check the fit of eech pisionpin in its bush-

ing in the corresponding linkrod and in its bosses in the < -
corresponding piston.

7—84. ROCKERS. Examine the rockers for cracks-and
galling. See that no oil passages are obstructed. Inspect
the socket in the pushrod end of each rocker for loose-
ness and excessive wear. If the surface is rough or uneven,
the socket should be replaced. Check the condition of the

‘threads i in the valve-end of the ‘rocker, - -~ »
"7-85."VALVE"SPRINGS. !nspect for-cracks, broken

ends, inadequate spring pressure [Figure 7-74], rust
and improper length. .
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Paragraphs 7~86 to 7-88
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F:gure 7—74 Spring Pressurs’

7—-86. VALVE LOCKS. Examine for burrs and gal-
ling. Check the fit of each pair of locks with its valve. A R

. lock should have no perceptible movement when it is in ' - Figure 7-76. Valve Stretch
place of the valve, and the radii of the lock and valve S o
should coincide. : - R F
7—87. VALVE SPRING WASHERS Inspect for cracks,
pitting, and galling. _

7—-88. EXHAUST VALVES. Examine the exhaust valve
for stretching and drawing of the valve stem, using
PWA-737 Gage [Figures 7—75 and 7—76]. Inspect for
poor seating surface, erosion [Figure 7—77] and cap-
pmg Remove excessnve carbon. “

""’“‘WARNI&G l :

To avoid possible injury to personnel, un-

serviceable sodium-fifled exhaust valves should

be carefully disposed of. (Refer to TM .
" 1-2R- 1-67 )

: Figﬁre 7-77. Erosion

. 02°.° " " - International AeroTech Academy Fo
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7—89. STUDS. Check al! studs for looseness, possxble
fractures at the base of the threads, and projection length.
Examine for cracks, nicks, burrs, and bent studs. Replace
all damaged studs.

7—90. FAILED CYLINDER ASSEMBLIES. Expetience
has proven that an engine which has suffered a valve or
cylinder head failure may be successfully returned to
service if the cylinder assembly is replaced. In order to
understand the success of this practice, it is necessary to
review the circumstances which cause cylinder head and
valve failures. ,

a. Cylinder heads usually fail when the tensile strength
of their material has been lowered by excess heat and
when the pressure inside the cylinder is extremely high.
These two factors can cause rupture of the head. The
same conditions may exist in other cylinders which do
not fail, and they regain their tensile strength when
they have cooled. Because of this regeneration, it is clear
that the cylinders are not permanently weakened by the
excessive temperatures and pressures to which they are
subjected.

b. Exhaust valve failures can usually be traced to an
adverse condition in the particular cylinder in which
they fail. For instance, there may have been insufficient
valve clearance, valve sticking, high cylinder head tem-
perature, or other factors which tend to weaken the
valve.

c. Although expenence has proven that engines with

valve or cylmder head .failures may be successfully re- .
turned to service, it is not recommended .that all engines__ . .
_-subjected ‘to these -failures be kept in service. Before’

. replacing the cylinder be certain that no metal particles
have entered the engine. Examine the linkrod to ascer-
tain whether or not it has been bent or damaged. Make
a visual check of all combustion chambers to determine
whether or not they have been damaged in any way.
Examine the pushrods for damage also.

d. After the installation of a new cylinder assembly,
a complete compression check should be made. The en-
gine should then be given a complete ground check.
After this ground check, a second compression check
should be made. In addition, make a thorough visual

- check of the engine, paying particular attention to the
condition of the cylinder flange studs, cylmder heads,
and combustion chambers. :

e. Regardless of the number of cylinders bemg re-
placed, the engine is to be run-in for !/ hour at 1000
RPM, ! hour at 1400 RPM, and 1/ hour in short spurts
to 2000 RPM. During this run-in the cylinder head tem-
perature should not exceed 205°C (401°F).

7-91.-INSTALLATION: OF ROCKER -AND: SHAFT.
_ Install: the ‘rocker bearings in the- -rockers, - usmg PWA-
" 614 Drift and Base. Make sure the oil holes in the bear-
ings line up with the oil holes in the rockers. Place each
rocker-in position and insert the shaft through the bush-
ings and rocker. Install the oil seal, washer, and nut on
the small end of the shaft; then, holding the large end
of the shaft with a 9 16 inch wrench, tighten the nut to
the recommended torque. Install the oil seal, gasket, and

Section VI
Poragrophs 7-89 to 7-9:

nut on the Jarge end of the shaft, and tighten the nut t
the recommended torque. Cotter the nuts.

7—92. INSTALLATION OF VALVES. Ciean and oi.
the valve guides and stems. Insert the valve stems it
their guides and place the cylinder over a domed wooder
block to prevent the valves from falling, Install the lower
valve spring washer, inner and outer valve springs, and
the upper valve spring washer. Compress the valve
springs, using PWA-459 Compressor, and install the split
locks.

7-93. INSTALLATION OF CYLINDER AND PIS.
TON. If the masterod cylinder (No. 5) has been
removed, it must be, installed first. Coat the cylinder
walls, pistonpin, piston, and pistonrings with oil. Install
the oil seal ring under the flange of the cylinder. Rotate
the crankshaft until the masterod or linkrod of the cyl-
inder is at the full outward position. Each piston, piston-
pin, and cylinder has a number denoting its proper posi-
tion. Install the piston and pin with their numbered
sides toward the front of the engine. Stagger the ring
gaps and apply a generous coating of oil to the rings;
then compress the outer rings, using PWA-249 Clamp,
and slide the cylinder over the ring [Figure 7—78].
Compress the scraper ring with the clamp; then slide
the cylinder over the ring and into place against the
mounting pad. Center the cylinder with two Jocating

nuts and install washers and nuts on the other studs,

CAUTION
See CAUTION to paragraph 7—70a.

Tighten the flange nuts to the recommended torque
[Figure 7—~79]. Install locknuts over the flange mits,
running them down finger tight. Tighten the lock-
nuts !4 turn more. Any cvlinder flange locknut
which becomes loose or is backed off for any reason
after wrench pressure is applied must be removed &nd

- discarded. Regardless of the nurnber of cylinders being.
‘replaced, the engine is to be run for 15 hour at 1000

RPM,, 14, hour at 1400 RPM, and 14 hour in short

Figure 7-78 lnsrclling Cylinder
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_squarehead plug [F:gure 7-82]

Section Vil
Paragraphs 7=93 to 7=98

spurts to 2000 RPM. During this run-in the cylinder head

temperature should not exceed 205°C (401°F).

(Ot ol ) ol P ot ot

CAUTION }

Because of the necessanly special design of
cylinder flange nut wrenches, particular care
should be exercised in tightening nuts. See
that the cylinder flange nut wrench, the ex-
tension, and the torque indicating handle are
so assembled that the handle is directly oppo-
site the box end of the wrench, and apply
torque by rotating assembly as a unit. Do not
let the shaft of the wrench twist to one side.

7-94, REMOVAL OF OIL PRESSURE RELIEF
VALVE. Remove the acorn shaped cap from the oil
pressure relief valve. Remove the oil pressure relief
valve body, then withdraw the spring and plunger. Use
PWA-671 Wrench to remove the valve seat from the
rear case [Figure 7—80 and 7—81].

7-95. INSPECTION OF OIL PRESSURE RELIEF
VALVE. Check the tensionof relief val ve spring. Note
the condition of the valve in valve seat. Lapthese parts
together with a very fine grade of lapping compouad to
form a perfect seat. Guide surfaces of valve should have
a free sliding fit in the seat. Polish guide surfaces with
crocus cloth (Specification P-C-458) and oil.

7—96. INSTALLATION OF OIL PRESSURE RELIEF .

VALVE. Install the valve seat in the rear case, . using
PWA-671 Wrench. Insert the plunger and spring into
the oil pressure rellef valve body. Fit a new gasket
under the flange ‘on the valve body and screw the body
into the rear case. Adjust the engine oil pressure. Install
a gasket and screw the acorn shaped cap on the outer
end of the valve body. Lockwire the cap to the ad;acent

- Figure 7—79 Torqumg Holdown Nuts
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Figure 7-81. Rerm:vmg Vafve Seu’l

* BN

7-97. REMOVAL OF OIL PUMP." Remove the nuts

- attaching the -oil pump to the fear case.-Attach PYWA-

1327.Pullerto-the oil inlet port studs and puihhe pomp
ftorn the rear case,

7--98 INSPECTION OF OIL. PUMP [Figure 7—83]
Inspect the teeth for pitting and uneven contact. The
gears should turn freely and show no indication of inter-
ference with pump body. Oil passages must be clean.

Inspect the body for cracks, scoring, and condition of
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Figure 7—82. Relief Valve Cop

paint. Check the oil seal rings for scoring and loss of
tension.

7-99. lNSTALLATlON OF OIL PUMP. Install the
oil seal rings in position on the O.D. of the pump body.
Fit a new gasket over the mounting flange on the oil
pump housing. Install the oil pump in the rear case,
engaging the drive gear with the accessory intermediate
drive gear. Attach the pump to the rear case with wash-
- ers and nuts.

7—-100. REMOVAL OF OIL STRAINER. Using PWA-
228 Wrench, unfasten the oil strainer cover nut; then
remove the cover, spnng, oil stramer, and. check valve ..
-~ assembly [Figure 7—84).

7—101. INSPECTION OF OIL STRAINER [Fogun

7-85) Examine the strainer for the presence of metal
chips or foreign matter which may indicate a failure or
some other unsatisfactoty condition in the engine. Inspect
the oil strainer for distortion or splits at the soldered

joints. Check the fit of the strainer in its chamber in the -

rear case. Inspect the oil check valve to see that it is free
and seats properly. Check the spring pressure and exam-
ine the cover for cracks and condition of paint. R

7-102. INSTALLATION OF OIL STRAINER. Inser
check valve assembly, oil seal and oil strainer into
chamber in rear case. Center a new oil chamber cover
gasket on cover, using a small amount of lubricating ~
grease (Specification MIL-L-3545) on both sides of the
gasket. Install the gasket and cover. The gasket is to be
installed with the smooth side toward the shoulder of
the cover (the crimped or asbestos-exposed side toward
the engine). This procedure keeps the gasket from turn-
ing and wearing a pattern into its sealing part while the

cover'is being-tightened: Tighten the cover. wrth PWA-

" 228 Wrench Lockwire the cover.

Paragraphs 7~98 to 7-103

Figure 7~83. 0il Pump

of the rear section. Unfasten the clamps and remove the
tubes. Unscrew the four nuts securing the oil sump to
the engine, using a 3/, inch universal socket and ratchet.
Pull the sump from ‘the engine [Figure 7-87].

Figure 7-84. Wdhdruwmg Smuner

92103, OIL SUMP REMOVAL, Unsirew the elastic =

stop nuts which secute the rockerbox covers of cylinders -

No. 5 and No. 6 which are next to the sump. Disconnect
the hose connecting them to the sump and remove the
icovers and hose. Remove the suction tubes from the

rear of the sump. [Figure 7—8&]. Remove the nuts which

fasten the upper ends of the tubes to the right hand side

International AeroTech Academy For Training Purpose Only -

Figure A7~7-8_5. Oil Strainer
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7-104. INSPECTION. Inspect the sump for cracks

_ and condition of the paint. Seating surfaces must be clean
and smooth. Check scavenge strainer for distortion and
condition of soldered joints. Make sure.that the strainer
is thoroughly cleaned before it is reinstalled.

7—105. INSTALLATION. Place the intercylinder sump
deflector on the sump while the latter is still on the bench
_ and secure it. Screw the oil drain plugs into the bottom of
the sump and tighten them with a 2 inch box wreach. Place
a new gasket on each mounting flange of the sump.
Install the sump on its mounting pads. Screw the fiber
nuts on the studs using a 1/ inch universal socket and
speed handle. Secure the two oil suction tubes to the
sump and rear case, tightening the nuts with a 1/; inch
socket and speed handle, and install the tube clamps.
Reinstall rocker box covers and hose connections.

7—106. CARBURETOR REPLACEMENT. [Figure
7—-88] Depending upon the particular installation, re-
move the carburetor air scoop and disconnect the throttle
1 contro! linkage and mixture control linkage. Remove the

i four nuts which secure the carburetor to the adapter,
and lift out the carburetor. Install the new carburetor
and secure it with the four nuts. Connect the control
linkages and reinstall the carburetor air scoop. Adjust
the throttle stop and idle mixture strength as directed
in paragraph 7—32. ‘

7--107. STUD REPLACEMENT. Loose or broken studs
~ normally can be replaced without damage to the threads .
i« -in the hole. Select the proper oversize stud. Broken studs _ .
" can generally be removed by using the hole in the flange
of the mating part as a guide for a drill which is used to
spot a center in the broken stud after which a smaller
drill is used to drill out the central portion of the stud.
Drive some type of steel extractor, such as an Easy-Out

B

Figure 7—86. Oil Sump
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or a home made extractor, - into-the drilled - center and
turn out the broken stud with a wrench on the extractor.
To facilitate stud removal, heat may be applied to the
particular locality. If a small amount of damage is noted
in the threads of the hole where the stud was removed,
clean the threads with an oversize tap.

7~108, The following table illustrates the various meth-
ods of marking oversize studs for identification. The
identifying mark is on the anchor end of the stud. The
conical projection or green dye for .004 inch oversize
studs, the conical cup or red.dye for .008 inch oversize
studs, and the drilled hole or purple dye for .012 inch
oversize studs are the Pratt & Whitney Aircraft standard
identifying marks. The other marking methods are illus-
trated because they are used by various vendors and may
be encountered in the field.

CAUTION

When installing an oversize stud in a stud hole
which gges completely through a part, make
sure that the anchor end of the stud does not
project beyond the hole sufficiently to cause
interference with other parts. If necessary, file
oft the anchor end enough to ensure against
such interference; then reidentify the stud with
the proper oversize mark.

‘OVERSIZE +.004 IN, +.006 IN. | +.012IN.
Standard OR GREEN OVE agui ove ot

REG
- OO,
LI RO, ©
= | 0 @
e O ,
7—109. If one or two tylinder flange studs on any one
pad have failed, replace the failed studs and replace
the studs on each side of the failures. If more than two
studs have failed, inspect and, if necessary, lap the cyl-
inder flange as directed in paragraph 7—74; replace zll
of the flange studs for that cylinder pad. Proper fit of a
stud is indicated by a driving torque of 250 to 450 pound.

inches. The driving torque must be within these limits;
otherwise, cylinder flange stud replacement is faulty.

7—-110. TORQUE RECOMMENDATIONS. -

7—111. The following torque values, in pound-inches,
are recommended for use during assembly of the subject
Pratt & Whitney Aircraft reciprocating engines. The
torque values for all nuts, bolts and screws are based on

R N B |-
olelelef

the use of a thread lubricant, such as engine oil or equiva-
lent, except where otherwise specified 6r where the appli--

- .cable overhaul lubrications recommend a special lubricant

* or surface coating. Torque values for interference -fit =

applications such as studs, pushrod cover cylinder con-
nectors and pipe plugs may be obtained with or without
lubrication, unless otherwise specified. :

7—-112. Torque indicating devices should be checked
daily and calibrated by means of weights and a measured
lever arm to'ensure accuracy. Checking one torque wrench

Section Vii
Paragraphs 7~107 to 7-117

- against.another is not sufhicient. Some wrenches are

quite sensitive as to the way they are supported during a
tightening operation and instructions furnislied by their
respective manufacturers should be followed. Tightening
should be done slowly and evenly for consistency and
accuracy.

7~113. There may be certain instances, other than those
included under “'Specific Recommendation” paragraph
7—124, where it is obvious that the torque recommenda-
tions for tightening a nut on a bolt or stud of given size
should not be used, due to the kind of material or the
design of the engine parts involved. Common sense and
good judgment should, of course, be used in such cases,
7~114. After a castle nut, screw, or bolt has been tight-
ened to the proper torque, it should not be loosened
to permit the insertion of lockwire or a cotterpin. If the
slots in a nut or the lockwire holes in a bolt or screw
are not properly aligned at the minimum torque limit,
the nut, screw, or bolt should be further tightened to the
next aligning position, but the maximum torque limit,
if any, must not be exceeded. If this alignment cannot
be accomplished without exceeding the maximum torque
limits, back off the nut, screw, or bolt half a turn; then
retighten. Occasionally, it may be necessary to select a
new part.

7—115. Because of the necessary unconventional design
of cylinder flange nut wrenches, particular care should
be exercised in tightening cylinder flange nuts. The spec-
ified torque limits apply only when Pratt & Whitney
Aircraft wrenches, or wrenches of identical design, are

- used. See that the cylinder lange nut wrench, the exten-

sion, and the torque indicating handle are so assembled
that the handle is directly opposite the box end of the
wrench, and apply torque by rotating the assembly as a
unit. Do not let the shaft of the wrench twist to one side.

7—116. USE OF TORQUE WRENCHES WITH
" EXTENSIONS OR ADAPTERS,

7—117. Sometimes it is necessary to use a special exten-
sion or adapter wrench together with a standard torque
wrench. In order to arrive at the resultant required torque
limits, ‘the following should be used:

T = Designed torque on the part.

E = Effective length of special extension or adapter

(See Figure 7—884).

L = Effective length of torque wrench.

R = Reading on scale or dial of torque wrench.

A = Distance thru which force is applied to part.

_ LT LT .
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Example: A torque of 1440 pound-inches is desired on.a
part, using a special extension, having a length of 3 inches
from center to center of its holes, and a torque wrench,
measuring 15 inches from center of handle or handle
swivel to center of its square adapter.

LT _  i5x1440
IFE = 1543
7—118. With the axis of the extension or adapter and
the torque wrench in a straight line, tightening to 2
wrench reading of 1200 pound-inches torque will pro-
vide the desired torque of 1440 pound-inches on the part.
7—119. GENERAL RECOMMENDATIONS.

7—120. If a pipe plug is found to leak after it has been
tightened to these limits, it should not be tightened

Then R = . =t 1200

PLAIN NECKED
STEPPED STUDS
Torqua Limits
r:":::i::" Minimum Maximum
Ploin and Necked Ploin Necked
836 10 30 30
10.32 15 50 r
12.28 20 - 75 65
Y-28 40 125 ns
K24 . as - 260 240
3%-24 i 160 1 300 - 450
%20 . 200 800 700
%-20 ‘ 250 1300 1150
ST 425 1800 1600
%18 ] 625 2600 - 2400
%16 1100 4600 4200
‘NUTS, BOLTS, AND SCREWS
Limits Limits
Threod Size Threod Size

Min, Maox. Min. Max.

8-32 15 20 %-24 225 300
836 15 ] 20 K14 325 430
1024 20 | 30 %20 - 360 480
10.32 20 | 30 %13 3500 650
1224 as | 45 %-20 560 750
1228-, .} 38 ] .45 %12 700 . 950
%20 | 50} 70 %18 | ..800 1050
%28 &5 8s 5%-1 1000 1300
518 e | 150 %18 1150 1500
Y24 128 170 %10 1700 2300
%6 200 § 270 %6 2000 2600

i gy e e
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.. further, but should be removed and more sealing cor

pound applied to the threads. The plug should the
be reinstalled and retightened to the desired limits.

7—121. When plugs are tightened in a hot engine, th
torques recommended above should be reduced 207
owing to the different expansion characteristics of th
steel plugs and the aluminum or magnesium cases.

7—122. If the torque required to drive a stud to th
correct projection length should not come up to th
minimum or should exceed the maximum given above
another stud should be selected.

7—123. The above general recommendations should by
followed with the exceptions included in the following
list:

STANDARD STUDS

PLAIN NECKED
Driving Yorqua Limils
Threod Size Minimum Moximum
Ploin and Necked | Plain Necked

8-32.36 10 30 - 30
10-24-32 15 45 40
12-24-28 20 70 é5
%4-20-28 40 105 ?5
%..18-24 i 85 230 - 210
3%-16-24 160 . 425 : 375
%-14.20 200 675 600
%-13-20 250 1050 950
%.-12-18 . 425 1500 1400
%-11-18 625 - |2100 1900
%-10.16 1100 13800 3500

- N

STEEL PIFE PLUGS IN ALUMINUM AND MAGNESIUM CASES

Thread Size - Torgue limits
' Minimum Maximym
%, in. ANPT. %0} e
Y% in. ANPT. " T T
34 inc ANPTL ] 70 - | T -85
¥, in. ANPT, . 70 8s
% in. ANPY. 9s 0
Y4 %40 1  eo
% i 210 ‘ 230
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7—124. SPECIFIC RECOMMENDATIONS.

Engine Paris

Cylinder Flange NULS ... ..ot e e e e

Dehydrating Plugs
Cylinder .. ... .. .. . ... ...
1in. Thread and 3/ in. Thread . . ..
Palputs . ... .. e

Pushrod Cover INUES ... ... .o e e e e

Paragraphs 7-124 to 7-126

Rimits

300 to 350 pound-inches

" 20to 25 pound-inches

vmree .. 3% to 45 pound-inches

Snug; then an additional
14 turn,

125 to 150 pound-inches

Propeller Shaft Thrust Nut ... .. e e .. . Tighten thrust nut 250

pound-feet, then
through an angle of

25° to 30°:
Rigid Bracket Mounting Nuts ............. ...................................................... cevnee .. 400 to 450 pound-inches
"~ Rockerbox Cover Nuts ... — ............ ..... ... 60 to 75 pound-inches
RockersrhaftvNu;t:; et e et era e e .................................................. | 200 t;) 250 Pound—incheg
Ro:.:kershaft Caps and Nuts (Alu.minun-x) ................................................ 65 to 10(5 pound-inches
Sparkplugs ... d ................................................ ‘ ................. S 300 to 360 pound-inches
Sparkplug Lead Coupling
% -24 Thread . ... .. R oo ot 100 to 120 pound-inches
3%-20 Thread ... . . | 140 to 160 pound-inches*
Thrust Bearing Cove? Nuts ..o oot ‘ .............. . 100 to 150 pbund-inches
Valve Adjusting Screw Locknut ...........ccccooeeee s RO O USROS A 300 to 550.pound-inches
7-125. LIMITS. : | . the.'réé;xirgd fit. The. expressiot; “By Seleftion’fi;i;;gcates

7—126. These tables should be used in conjunction with
the Limits and Lubrication Charts for the R-985 series
engines. The symbol “T" in the Minimum and Maximum
columns indicates a tight fit. The symbol “*” indicates

_that worn parts should be replaced if any looseness

is found. The expression “Fit To” indicates that a
fitting operation may be necessary at assembly to obtain

International AeroTech Academy For Training Purpose Only

that it may be necessary to select other parts or relation-
ships of parts to obtain the required fit. Unless otherwise
specified, fits are diametrical. Reference numbers not
listed in the following tables but appearing in the Limits
and Lubrication Charts are required only in overhaul
procedures, and are covered in TM 1-2R-R985-3,
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§
‘ Ref. Chart
No. No. Description Min.
4 1 Tﬁmst Bearing Liner — Front Case .............. e e ,(Shﬁnk) .002T
5 1 Thrust Bearing — Bearing Liner .................. .. . . . .. 0002
7 1 Thrust Bearing Cover Ring Pinch — Thrust Bearing
Cover . ... ... .. ... . .. . .. “ . (Fit To) .004T
8 1 Propeller Control Oil Feed Tube — Thrust Bcaring Liner . .. . \ .000
28 i Pushrod Ball Socket — Valve Tappet ....... e .0005T
35 1 Pushrod Ball Socket — Valve Rocker .................. .000
36 1  Pushrod Ballend— Pushrod ... N .0015T
39 1 Inlet Valve Guide—Valve ... ... .0015
‘ ' 40 1 Inlet Valve Guide — Cylinder Head ... . e .0005T
4 1 Inlet Valve Seat— Cylinder Head . . . (Shrink) 0065T
‘ 43 l Cold Valve Clearance (Inlet axl’ad Exhaust) ........ 010
? 46 1 . Exhaust Valve Guide—Valve ... ... ...... ... .003
47 1 Exhaust Valve Guide — Cylinder Head .. . e 0005T
48 1 Exhaust Valve Seat — Cylinder. Head ... (Shrink) .0065T
49 1 Rocker Bearing — Valve Rocllér ............................. SRR s 0005T
50 1  Rocker Bearing — Rocker Shaft R ——— e e .000
51 1 Rocker Shaft Bushing — Shaft ..., SRUOVIURO .000
52 1. [Rocker Shaft?Small Bush_ixrxig‘—va.linder O e
53 o Rocker Shaft Bushing — Shaft ...... ..... . .000
54 1 Rocker Shaft Bushing — Cylinder Head . 001T
E 55 1 Rocker Oil Manifold — Front Section . .. . ... ...... .000

[ 10 |
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Mox. g
006T

.002

.008T
0015

0025T

.003T
.010T -
©,010
.0055
003T
.010T
.0015T

.0008

001

004T

Replace

.004

010

.0015

.002

.002
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Paragraph 7-126
Ref. Chart
No. No. Description Min. Max.
301 1 Pistonrings — End Clearance
Top GIoove ...........cvimncnirecieesiienens v 0225 .0295
. . 20d GIOOVE ..ottt 0225 0295
g:::l i’ﬁ;ﬁ:ep”mn’ 3td GIOOVE ........cccoocoovoovesvcosieerroersensens 0225 0295
8 - 4th GIoove ............ccccovennrvcceeeeeceeenne erereres 0225 0295
5th GIOOVE .........comerieecenreeceireeeere et 0115 0185
" (Rectangular and Wedge Type Rings)
Top GIOOVE ..ot 052 .062
20d GIOOVE ........coooveeeneerce e, 0515 .0585
. . Brd GIoove ... e .0515 .0585
g:'eegfiogzteﬁston, < 4thGroove ... 0515 .0585
P 5thGroove ..., 0115 0185
{(With Chrome-Moly Barrels Using Com-
pression Ring in Place of Scraper Ring)
5th GLOOVE ... et esions 0515 0585
302 1 Pistonring Side Clearance
T Top Groove ... .007 .009
2nd Groove .........cccceenrnens eereneeereereentaeen .. 0055 0075
Five Groove Piston 3rd GLoove............oeeeimrreerececrereseesneesseee J003 005
(Straight Type Rings) 7| 4th Groove ..........ccccvmmecmerenncenncciensnenns .0035 .007
5th GIOOVE ......c.ccovvieeeeee et 001 .0035
A 1:,,1Top¢Grdove ...................... 5.. ........... .002 ._.Oﬁﬁ_.; .
2nd Groove 002 006
Five Groove Piston i:f\' groo:e : : :002 -006
(Wedge Type —~Top - roove 0035 007
Three Rings) 5th GIOOVE ........c.oveereeeenieeerrennee JETR—— ,001 .0035
g (Wedge Type Ring Clearance is Measured
with Outer Face of Ring Flush with .
Piston) o
International AeroTech Academy For Training Purpose iny' . B m o
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Paragraphs 7-126 to 7-127

Ref. Chart .
No. No. : Description Min. Max. Repl
303 1 Pistonpin — Piston

(Light Hand Push Fit When Parts Are Oiled and at Room

Temperature) . . ... . ..o e 00
304 1 Pistonpin Plug— ... . .. ... . ... .. .. (Service Fit) ,0015T  .00T ¢
305 1 Piston — Cylinder Barrel ... ... e BT e . .018 .022 .02
306 1  Pistonpin Bushing—Pin . .. . . . . 0017 0033 00

307 1  Pistonpin Bushing — Master and Linkrod .. ... . ... ... .0045T  .006T .
652 1 Oil Return Check Valve — Valve Guide . ... ... 0005 0035

702 1 Oil Pressure Relief Valve Piston—Body . = . . ... . .. ... .002 006 ol

7-127. SPRING PRESSURE.

Ref. Chart :
No. Nec. Description Min.  Repl
27 1 Valve Tappet Spring ' A ‘ :
Dia. Wide .051 at 134" ............ et taeer et R e et eea s e et nt e e+ s 44 24
37 . 1 Inlet Valve Spring (Inside) : :
Dia. Wire .154 at 115" ... .. SO OSSO OO . 534  48%
L 38 1 Inlet Valve Spring (Outside) i :
Dia, Wire (183 @t 1147 ittt et ee et e 68.54 644
.44 1 Exhaust Valve Spring (Inside)
Dia. Wire .162 at 115”7 ...t se s e 62144k 583
45 1 Exhaust Valve Spring (Outside) o o o
: Dia. Wire .192 at 157 ...l SO RSP 9% H# 5%
7 617 1 Impeller Spring Drive Spring : _ ‘ _
A Rectangular Wise at 78" ..o 993 50%

653 2 - Oil Return Check Valve Spring .. » o
- Dia. Wire 038 at 13/16” ..o s SR 1 VS /T

654 2 Oil Screen Retaining Spring .
, ~ Dia. ere 069 at- 1-3/52" e e e s SRRSO OO OISO : o ¥ 3

N

703 Oil Pressure Rehef Valve Spring

o Dia. Wite 0625 2t 1:7/16” . . .cooooe st o e 108 SVt
w2
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FIGURER CONTAINED ON THIS CHART ARI RIFIRENCE NUMBERS
ONLY. CLEARANCE VALUES WITH THEIR CORRESPONDING REFEIR-
ENCE NUMBERS ARE CONTAINED IN THE TABLE OF CLEARANCES

FOR THE 3UBJECTY ENGINE MODELS.

COLORS SHOWN ON THIS CHART INDICATE THE ENGINK OiL CIR-

CULATION AS FOLLOWS:

5N} = PRESSURE OIL

= RETURN OIL

Figure 7-89. Limits and Lubrication Chart
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Section VI
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FIGURES CONTAINED ON TH!S CHART ARE REFERENCE NUMBERS
ONLY. CLEARANCE VALUES WITH THEIRCORRESPONDING REFE®R-
ENCE NUMBERS ARE CONTAINED IN THE TABLE OF CLEARANCES
FOR THE SUBJECT ENGINE MODELS

COLORS SHOWN ON THIS CHART INDICATE THE ENGI{NE OiL CIR-
CULATION AS FOLLOWS:

EOR = PRESSURE OIL
eS8 = RETURN OIL

Figure 7=90.
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Limits and Lubrication Chart for Rear Section




| Tool No,
’ WA-10
WA-11
A-37
PV A-85
PWA-112
PWA-228

PWA-237

- PwWA-249
,SPWA-SIZ—II
‘PWA-455
PWA-459
PWA-520
PWA-614
PWA671
PWA-737
PWA-1313-T-3
;‘PWA-IS.??
;fpm-ms
§PWA-1526
WA-1683
-[PWA-1787
WA-1791
PWA-1886
IPWA-1937-20

!

b s

Tool Name
Holder
Holder
Sling
Pointer
Bar
Wrench

Wrench

' Clamp

‘ Indicator

Depressor
Cozﬁprcssor

Eye

Drift And Base
Wrench

Gage

» Gage

Puller

Drift

Tap

Wrench
Wrench ' Do
Pliers

Wrench

. Crimper

Removing o0il pump -

_ . 0il sump drain plug’

T™ 1-2R-R985-2

SECTION VIII
TOOLS

- Application
Lapping valves (inlet)
Lapping valves (exhaust)
Lifting engine

Timing engine

Turning crankshaft

Turning oil strainer cover
Intake pipe nut
Compressing pistonrings
Checking cylinder bore
Depressing rocker
Compressing valve springs

Lifring engine

‘ Rémoving and installing rockerbearing

Removing and installing relief valve body

Inspecting exhaust valve

. Checking cylinder bore (Use with PWA-312-11)

Installing oil seals

- Sparkplug bushing

Removing and installing sparkplug lead
Removing and installing pistonrings
Removing and installing ignition manifold

Crimping ignition cable ferrule
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Section VilI

Figsre No.

7—22

7-22

7-78
770
7--53
7-61
427
7-68
7--80
7=-76.

7--70

7-24

7-72

115
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Section VIl

.. Tool No.

PWA-2006
PWA-2151-1
PWA-2199
R41-w-3570
Ré1-A-45
PWA-2285
PWA-2388
PWA-2397
PWA-2398
PWA-2399
PWA-2411
PWA-2417
PWA-2488
PWA-2630-20
PWA-2834
PWA-3145
PWA-3168
PWA-3201-1
PWA-3252
PWA-3372
PWA-3639
PWA-3762
PWA-3926
RBS5-1-4075
PWA-415.2‘ A
PWA-4251-10
R41-G-415

- ~PWA-4877

PWA-5072
PWA-5630
R85-P-31300

R-85.8-62000

116

Tool Name

Wrench
Drift
Lap
Wrench
Adapter
Drife
Hook
Wrench
Handle
Wrench
Handle
Indicator
Holder
GageA
Holder

Puller

Wrench {7/8) _

Gage
Plug

-- Compressor

Wrench
Puller .
Remover
Indicator
Driver
Pusher

Gage

o <Puller-

Wrench
Plate

Stand

T™ 1-2R-R985-2

Application
Removing and installing cylinder
Removing pushrod ballend
Cylinder barrel flange
Torque indicating
Torque wrench
Installing fuel pump gear oil seal
Lifting engine
Removing cylinder
Removing cylinder
Removing cylinder
Removing cylinder
Timing magnetos
Holding linkrod

Inspection cylinder flange

 .Holding masterod
" Removing intake pipe . _

Sparkplug

Inspecting pistonrings

‘Sparkplug hole vent plug

Hose clamp - -

Removing pushrod cover nuts
Removing oil seals
Removing exhaust port cover’
Indicating spark advance
Adjusting valv;s
Removing pistonpin

Adjusting valves

' Rémbv‘il"lg intake ﬁipe

Pushrod gland nut

Mounting engine in R-85-5-62000 stand

Mounting engine
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‘Removing:asid-installing:pushrod ballend

Figure No,

T 7-59

7-69
7-79

7-79
4-27
7-59

7-59
7-59

7726
7~73

7-52

L N
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